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(54) MANUFACTURING METHOD AND SYSTEM, DESIGNING METHOD AND STORAGE MEDIUM 
FOR ELECTRONIC PARTS 

(57)Abstract: 

PROBLEM TO BE SOLVED: To control a coupling direction 
of a ferroelectric insulation film, restrict mutual operation 
with an electric field and restrict a deterioration in an 
induced electricity due to the electric field, by a method 
wherein simulation resultants, based on molecular dynamics 
and fluid models, are utilized for other simulations. 
SOLUTION: In a process fluctuation calculation unit I, 
macro-property not taking into consideration fundamentally 
an atomic level is calculated, and is stored in a file 2. In file 
contents, a coupling angle of an interatomic position vector 
calculated in a molecular dynamics simulation II is inputted 
to a film characteristic calculation unit III, and a fundamental 
film characteristic is calculated therein and returned to a 
file 3. The fundamental film characteristic calculated in the 
film characteristic calculation unit III is also returned to the 
process fluctuation calculation unit I as a part of 
parameters. The molecular dynamics simulation II is 
executed in combination with a molecular dynamics method 
and a density function. As a result, it is possible to progress 

a semiconductor manufacturing process according to a desirable process, or with amendments 
without a test piece. 
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wmw^ 5ii/-y 3 y-xmizti v ^x , buiesbisb 
« s tut wHowit KW-r a sbixsh^ £ 

Sa.ix-^ g >i*fti; Lxftxzn&3Vttm&<?yj? 

[is*ii2] Bute 3 mt^rn^^ s ix- 3 > 
mfimmtiz z t zimt-tzmmm i tua**)*? 

[ If *JS 3 ] filB 3 ^TcSfr^ r/KO rn-fe x >- S -l 

[is*ifl4 ] friB«^ H n B (i, z fc 

£#®fc-f &lf*Ja 1 Ktett^m&SSitrn-feXW 
Wtfc r S-Slc^frffffSrff a Z fc Hf&tfc-f 

fc SWrffit-f 1 tcfESi^m^pfpSitrn-bx 

[ if *js 7 ] miift^MJi^mi. mm&mmm^m 
izm^x\^z bzmLb-th if* js 6 izt mnmi- 

^x^&ztmmt-tz 7 iciB^wm^ »/m 

m^Tr^y^^iv^m^x^htihz t znmt-thm 
[fi*is i o ] mimmwtff-y >^m±att ax 

fyy^?*4;ti1*ai:t4 If 9 (Cdt^V 

[ h*jh 1 1 ] friE^e^r v ;ws bk s^kt 
y x-v ^x-* & z t fc -t h mim. 9 ^m^m? 



[SftfcH l 2 ] «^«,ft<olBtxSti3V^T, mm 

wftmzm-t&mmxnmTzxjimbL. zcox^m 

S-Sfc 3 <^7CtfO>- 5 a. V- 3 y £ ff =3r v > frf ESSBh^SH 
t . m E^Mt - * t ^«3flr- ^ 1 2r ibK^S-t * X 

t «iat*rsa**ss«) ^>*i^«^ , friBMjsxsH^ & 
ft^m^mzm^xvihti&Tmt . a^^-fvwcs 

t * ijffl $ ix £ £ fc t -t &n?imcommiTm . 
[ n*3S i 3 ] BuiBmssijT ; - ^ <b » $ ti h mm 
mmnmm^ t comco^nmm ^kh * « i x ^x . 
miBm^mx-hhrn^ut, ^&&,t txumt* 
ztamt -f&mmm 1 2 tiem^*^^*^ 
a. 

[IS5RII14] irie^Jt^Bti 9?x?itLX^hZ 

t*¥fflLt-t&n?mi 2iz^sm<om : ms,co9mij 

[ tmm 15] mz?y*?iti rcsmmmmms 
xhhz t &ffikfttmm 1 4 (cis«co*^ n a p^ 

[If *il 16] BUfE 3 VStfrf-miJ^i' 5 a U-^ 3 
>* i ^frlE3^7U^#; ; &'r;l't07°a-bXv5 al/- v 3 

Ji*^igji$ixi,£fc^#afc-rsif3j<3«i 2(ciEtt^ 

[|f*il 1 7 ] milE 3^7C»E#:* f/KOrn-bXi/ S 

aV-^g >-*^HtjlE3^7C^»^^>-5 il/-y 3 

««ffl***<Bas$ii& £ fc £#s fc -r sif mm 1 2 we 

[ If 18] fnE«ftt« - ¥$#S«± JFM S ix 
fcBL ¥##=»«*ffl, 5.l>'^*»«ra^-=5r<fc 

t iotp-ri>#ttT-S)i»c:fc^^fci-aif*3ai 2 

[ if *ii 1 9 ] tuis^ar - * fc mmm?- ? t coit 
w&feim&mmmx'ftfrixz, z t &mk-ttn$% 
1 2izmmco9.^&cvwimum, 
[ m& 2 0 ] MiESBtxfiH^ imiEHKmi- h xm 
imv&mmx'ftbti&z t zftmti-mxm 1 2 \z 
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z t zmmt-rt mm i 2 tEiBcom^iHiOTSJS* 

a. 

a ts-^vt \ m z t zmm t 2 uzwm 
m^x^iztzmmt-tz w*jb 2 2 genac?* 

rvi'*)\>X'b&^hzb*mkt-thm%m2 4i l zu 

i m$m 2 6 ] mmm#T m* bks^t 
>^*?ju'c$>&-?z>zkzmmt-f&m%m2 4t l zmi 

[II5RII2 7] fflE#=Hb1&i' 5 * V—is 3 >"Cf§ 
^tt£ME1f $CCO#ttcO^& < i fc 1 o<^f Six- ? £ 

tf*>*i6it*«fafc-t-6III«3Hl 2{:iBtt«* : P»ift 

s a v - i, 3 >r* h z t £ mm k f & If 2 7 £E 
[If*H2 9] file 3 JK7c4H4ft:*J5*>' 5 a i' a 

a**%m$ni> i t s-ttfs t 2 7 izwrn 
i mm 3 o ] «^ ^ B a R oMjs^s t . fjiB^it^B 

&«l5g&Sk . friEm^iHie^HJftXSH^iftfe** 
k . tii tBffl^B&tf'ftff BiJ5if£g k mlB3 y e A - * 

(SWfKfctf- LTIiSJilSH^SfSjBIBa-f S £ k Sr«f 

a k -r * flm&ftosHi ^ x r a . 
itmm3ii mmm.mmi?yA?ikix^&z 
t mmti-m^m3 oizimcom^&com^^ 



•e&s i k sr^st t -t* imm 3 1 icie*^*^^ 

SBti'X-f A. 

[|«*IM33] fjie^5i^-^3>-{i, 

jS3otie«<om-?si5fl^)is!Js^xxA. 

i l-?KIJB-f&«rtt-C*)Sifc*«refc-f43»««3 0 

[ ts^fl 3 5 ] Hut s^wr- ^ t mmm-f- ?t<vit 

[it^ffl 3 6 ] msssmxwB^mmmi-hxm 
itmd&tmmvnhtiiz t ^»®t-ti.i«*Ji3 0 1 

[|»*^3 7 ] HulBA^ifit LTfriB»£«<0 

(S, mfBA^fflk-ew^^^SrSt^lt^S-flo ik 
^#®k^-|>lf*il3 O^IBK^^SP^ISt^X-r 

A, 

[ M&fl 3 8 3 mMift^mD^mi , «P a 6 3«i0«iS» 
ffiC«^v vt v ^ i i: £Eff8 k -t 4 li*JS 3 0 KSJtttf) 

Mi X v *4 ; k S-^fSt k -T S 3 8 Kfe»<OVfgp 

k -t & 3 o teac^^AK^HJt ^ r a . 

[«*«4 1 ] KraEISIfcW^-fy^-v/KiATTA.-K 
f^y^K-JiStS ; k ^#Sk^l»ll*iR4 OlclB 

[Ii*Il4 2 ] ffliegnw^y^-wKi B K s*°^ 

im&4 3 ] BiiiB^lfJ^^^S A1/--/3 
<ofutiflB«rtt^* < k t> 1 offfllf- ^ Srfflv » 

tihzt zitmb-f&wm3 o kzfm^fw^M 

[tt*iB4 4 3 frK4HF»*^^S A^-xa^ksfi 

S 3 VX'hh Z k &»fiSki-6lt*3S4 3 tCfE 

tt^m 1 ? n a p wUBfi ^ x r A . 

[ft*JS4 5 ] ffirssi^Tn^Kdj^s ^i/-x3 
JIM*%jM$^l»c:k ^#Sk-f l»If*«4 3(cIBtt^ 
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[is**4 6 ] mTMcommrvi-txcommmmfH 
s^ss^v-s yw\ wrewew^fa 

[1***4 7] ffia4HF»*^5Al<'-^3^4, 

s#© t -r si***4 6 tie*oie««*. 

[1***4 8] mfB^i&TJ^&l^ WRRBHHI«# 

sta^vo** - t swat-?- si*** 4 7 tcie«« 
[1***49] iiriBi«p B b ifti]«a^ffi{i, 3f«siH* 

SoT^4ii:Sr«HSi:-rS I*** 4 8 tf Btt^ECIffi 

C I*** 5 0 ] HUM B«^ Mi . ¥&#:I§«T"<£> & i 
t S»at-t£I***4 7 fciEtt<9ia»«fr. 

[is** 5 1 ] je(c, frief^fflw^^^SA^-ts 
^fflSrflt*.. maefl^FiWrt 6 ^ s * S' a y ii . friB 
A^ttt ^coKo^rsatc^f+msff a z t swat 
-ts 1***4 7tetEttcoie»«t#. 

^W^y^-r^Sfflv^^Sttffl-rsctSltSi 

t-ts 1***4 7 iz^mnmmft, 

[1***5 3 ] ffiBg»w^-fy>'^;HiATTA^ 

r y y -r ;kT* h f h Z t S tf8 t f S I*** 5 2 fc IB 

[ 18**5 4] mmmmxT- y y -wM4 bks^t 

y y -v /kTfc & -t & i t S*#St t -t S »** 5 2 HER 
c0iBI*«f*. 

[f*** 5 5 ] MIB^^Wtl^x 5 a U- y g yT1# 

£7)7° P Hr X y S a 1/- y 3 y totlh z t S f#a t -f 
£1***4 7£fB*K<7)fB»«#, 

[1***56] HtriB^tSTi^v-Sjt.y-ysyt-ai 
s A u-y 3 yc*4 i t swat -r^nt** 5 5 tcia 

[ 1***5 7] fria3»5c4HF«^^ 5*1^-^3 
y^^fflBSi^m^x/KOra-feX ySiU-ya 

yv ttWttffift, jjcrvftt, itttsat cutset 
mmtmm £tn>^ts»at-ts 1*** 5 5 

IB&iitt. 
[0001] 

[ira^s-^ &&«#»] set:, ^mit, ifm/Mo 
mmi>m. sfiiyxf-A, mw&. Rismmmz% 

0, ®lz. W&tW9?X9fcLte¥BttttUmil 



SlttijiagBtrn-fcxS, FJrMWlSilD^XteiglEl 
[0002] 

o%$£&£uxm&iz¥.r>x^& . ztiz&nvtcomi 

kkifc, 01 2S\ l z^rfi.oiz^£.iti-h, tea, mi 
2&<?y®mt. lM(ct3(t4f-'yT3XbSr 1 1 LT* 

[0003] 01 2 8 3 fc, 64KM256 

T v *S . Z coxm®.<7) m*lz X •& a x h (O^iPS: L T 
tfSjSS-^S^. HI 28tct^L7t«fc^C> M^. 
Hf, 6 4 MT*«. ( 1 ) A^»SH», ( 2 ) im^W» 
it. ( 3 ) f - v 7lf X<T)*/Jn. ( 4 ) «*H^«j1, 
(5)*att|BI±, (6)FA^«Bts (7)^P&ffc 

[0004] 25 emz^h t , fr^ojSffl-^s WIS 
0. >M)V— Mzm*tx*P<<7)X*h&. L^L, ig; 

(i. i,«^»^tLT»»S-*46l»c:t(ifflltt^S. 

[0005] 4?t, 01 2 9tc*-r<fc9t^ 

{c, «tttg-fk^n^sB* s . matt* xgA*>(bB-c 

[0006] £tz. 1 G??X&.±.X\ i> 0 — ?SiXT 
»afS"J»**«fiMSK:* o T < & i t Xf> %> . CT^tf > f^R 
*SStT*>*. imXU, ZtlhOZkZ^&LX. W$t 

m%x'\t*> &wmL^m&t lt. 01 3o^-t«t 0 
Kc7 7z?ititzmmmm&%kmztix^&> zwy 

±ttT«cSI^TS>Os 4^c, 01 3 0Kt 

-etimA*^B^c-»D^D< . KmzTik-txoizm 
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[00 07] ^«c±fc»«Ufc«IM»«M I S 

t&8£K£S-£*>. EEPROMf^tit^l. 

[0008] l*»u mi smTtmmitztixi*. & 
m%foWk&tocnm&n&mm*&*)'-&?>-t>tvf. mm. 

[0009] ho^-Lm^u^x'^x^. m&im 

EPilTtSi:. h7-?fc«)fc?-£S i -0|S£#, 

[0 0 10] £ft&<»l*K#l..fc3 b IX. ftifiT 

ffl±fcH;, BHb-fc 'J ^ACe0 2 j&*#Bfi)*£-$-4 £ fc 

J.Appl.Phys. ,Aol. 69(12), p8313(1991)(C$8S$iX 
TV^S. fcSWi, M*;^ r >ACaF2^y | j3y 
^IMIuttl^lSftJ&K-f * £ t #*, Japan. J. A PP 1 . Phys. 
SuppI . , Aol . 21-1 , P187 (1982) IzW&ZtlX V ^ . d ft 4. 

ut. -as-c*o. t.tzT47T(oimx'^b\ifr*)X'i& 

ti, A. Miyamot, K.Takeichi, T.Hattori, M.Kubo, and 
T.Inui, "Mechanism of Layer-Layer Homoepitaxial 

Growth of SrTiO3(100) as Investigated by Molecular 
Dynamics and Computer Graphics". Jpn. J. Appl. Ph 

ys. Vol 31, (1992) 4463-4464. ifihh. ZZX'it. ^ 

v7x*4Y*mtiRffimtomtLx. znzrms 



#>U S i -O-T i X«> T i - S i - S rfflCDftg. 

*ffl&cotomsm.*ft-?xm^x^i>. t*z. zn^ 

[ooii] ^ft^co^ bfrbftfr&mz&ttiiffiim 
k'«0«(zKtt-r 5 X iE L TOUT 

[00 12] 

e* ft o mmcom^xu , ittxh b t «rr * ^ 

ftM 0 XS* J jiff UT V >S*>k' 3 *>S:t-X h LT V tfz . 
[00 13] *»*>i.r XhV-xcommizJzZ&fyA 

htoimmx'ibh. ;^in-sit uT'SI^lt^ 

+tttztimiti&X^%:^. #\\*£\^<?>XL7 h;l-coh" 

m^M^\mzm.'iX\^hbz\hir^. ttz. %M.m 
sic, fflai*»ja;ttti* ! Srv\ ttz. 

[ 0 0 1 4 ] X. -^T'^HJ^I^^ 5 a 
\s-?\i. ya-^x^mM-mynyyMzitK, ( 1 ) 

m>K #mz'hz^tmfrtix^&. ztix\ ft=mj) 
?ySai/-^t, Tu-tx^mn&Tuyj&zmk 

F t:^:** 5 5 1 -o 3fth. , Hffl (c rft] v > t SgJbtiX v . 
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[ o o 1 5 1 Jtt ta. *mimmi*. mm.mm& 
i a t, aa^&su ,r*u=j: o . sttfflewM i s 

j&>fcjE«£ffltft&E#*oJttf, WffltWi, ab-ini 
[0016] tfiRtf . h>-*;H6IMBt. SS*#£i&&D 

( Mi. ur, x y 3 >mmfom<nm^t,z usi-oi 

[0017] «ff fc*ft*«<Ote£fc«ffl5ftffl«, «ft 

[0018] *%wcoBmi. wmwmw)m%<r) 

[ooi9]:m±, &mmmm&mftm$.mzmi-& 
hcox\ *wmmtf. *u>ab i n i t i oj^m 
jj^is^Mzxz, it 3r*am tMS ^w&f- ? *■ mz 

imi*mmzmmitzt$>-&, «^<ot««a«coffi, 

le-tty? r ±en jmt-srpc* <o g *x *iv*tf&Hz & & 
miztmu&m&'fT * ^sii6±<oiaiH 



[0020] JiLtSAft 31R 0 ±tf T t> . 4 0 

bZk^ WSLb<m^m<m^h^zii^X^< 
izXtiii. te&mWzte r^j £LXi>i.®imf£TT 

[002 UX, 77A?mztm&*-7 

$hz>wz?=7x? tt.mm&wiz&w titzsjuz 

[0022] 

i t i o4HFK2j1t*Jl!V\ *>o«ffe'5:S*tf«ffiS:BB 
ffiU, ( i ) ^rn-b^RJWJSfe?^ #s*co-rn 
wM«S«fc»BrL, (ii) mmni'— try XM*)9ffi 

^•rA«o$<5>^S#®{i, (vi ) rntxwfiJi 

^t, (v) frLv%«Hftxy^'y$rf*!)DL^jiit, (v 

[ o o 2 3 ] set, *»0fl (is*« i ) t±, n^ftw 

*jv^T , m§mmmmmzBfcztiKm?tfm<D 
mmzm-tmmxnmT^x^mbL. znxtim 

mz3dtt&i/$*U-i'ay£ft%:^$m3i&folzB 

x, frie^^^i^-^a ^mfs^zm^xrf 
^ 3 fc traj^j sixs 3 <X7Bi*ia» t uriea** 

ZtLZZX'CDi'S.x. U-i/ a yizmmZtlZ Z t 

t^zn?&^W£y'u-txcDi'$.*.u-i'3yim 

[ 0 0 2 4 ] X, *$£BH (Ii5)<ll2 ) ii, ±IBIi^« 1 

ttjv^t, frte3»5c^ift^i/SaP-x3y*^ 
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[0025] jet, ( 9t#*3 ) 12, ±tew*« 
^. «;5itt^- mxfem. i&mims cumcrmmsi 

WtiM 2tiZ>Zb£¥f®b-f& S&maSBirn-fe x 

[ 0 0 2 6 ] jet, #«J1 (SI*3S4 ) t2, ±I£I»*JS 
1 tfc v , JfflfBfrff*.fM2 s ¥*MSt* & Z b £ 

[00 27] Jgt, #169! (3t#JS5 ) 12, ±IBH*« 

ltfcwc, set, ffiets^tt^^rs-ASj-rsspg 
fit *m>t>&*mz&jftmiff ?zb iftmt -r & 

So 

[ o o 2 8 ] Mtc (it5f<Ji6 ) «, isskohh 

[ 0 0 2 9 ] JEfc, ( l»*H7 ) (2. ±JE3t$m 

[00 30] jet, (it**8 ) (2, ±IBI«*JS 

7l:fc^t, f)IS«P^®««^i2, 3fl«£f&o 

[00 3 1]®:, *3%W (tf*«9 ) (2. ±IBfl!«3R 
1 tfcwt, TfrlE^lktt¥^5 a 3^(2, £lt 

Wfyyt/^ m^xfthtiz z b Hmt-thw? 
[0032IS:. *»hj (»*ifl i o ) (2, ±iei** 

•feXy 5 a.V— is 3 y?7ffi £ . 

[ 0 0 3 3 ] St. afsS&g! (ff^JS 1 1 > (4, -tlBf»* 
Il9tfcVVC, filE^8^T>'^ J f^K2BKS^>' 

x is $ a ix- x 3 >1?m *W£t s . 
[ 0 0 3 4 ] Wh , ±IBM*« 1 7WW*H 1 1 tiBtt 
^fp^jtr o -fe x ^ S a x 3 y 7j £t i fi 

y 3 y(:J:otli;n/K ^^j£«««oxgttj8JC 

-feX^ S jl/-y 3 >lz£-oX£ 93ffl*H^#C9tfcIiE£ 
tid,IfctJ:9, aS^TJR^ttSSriMg-rs. X, JS 
t^gtJEtT, Syifttf'Wn^Xy^l/- 



[ 0 0 3 5 ] X, *«B^ 1 2 ) {2, WmShV 

wtt^-as LTumaiT-^ zn&TMb , masma 
wMzmm $ ntzmTttmcvm twt & wmnmm? 
uMtL, zcoAJimzmtz3dsi<7)i'$.j.u-i<' 

3 y^^v^fBMJtg»rt^fig$ix^m^W^# 
14 W^fflr - 9^:%hlM.b , BuiB^ax- * i: 

r- ^ fc * ib«^£-r hiMb, mmw^mz X *) , 
mmmmxmm^co&femb . miBHRa^-^*^*! 

0. l?fB^iS^ ; ? : ^S'3'v^Tfi : ^ixl»^5 aU-yg 
V«*fc L--CttJ^$nS 3^7Bftii*i: Bulfia^r^ 
CS^^ff^ySAlz-ya/SSi: LTt±i^$ 

[0036] ^12. *%,m amm 1 3 ) <2, ±iBif* 

«1 2fcrfcvvc, miBSIiiaf ; '-^*^*-ai]§ixi>lulE 

fgjE®a*^tg-r-3 i >i.^iw{2. ^ftflk lt 

z b zmm b -thm^aMmyu^xis s A u-^ a 

[0037] Rt, *aH|j (fg^JB 1 4 ) (2, ±IEIf* 
IS1 2tfcV^T, frfBKjtgB(2^7X^^LTVM>; 

[0038] set, *»W 1 5 ) {2, ±IBW* 

if 1 4 (cfc v \X , fflfi ^ y x ^ -ft L rt:SB££lg<2tfc*3$ 

[0039] 5€t, *»HB (If*3S 1 6 ) (2, _hlfi«* 
ai2i:iJV^T, ffiriB3^x:^i)^¥x$ aU-ya 
y*^frfB S^Mfr^-r^rn-feXx = j. U— 3 
W tt5¥ttf«m, iEylS», ffiticSSSC, Cij^^S 

[0040] iet, (tmm 1 7 ) (2, ±ibii* 

ill 2t*5Wt, ItrfES^TEeSfr^rV^To-feX^S 
al/-ya >'* :, ^HulE3^7t^'^t!)7 L ]^v 5 a U— 3 

mmm 2ti&zbZftWib-t& * ^ mm&m * * 

yia U— is 3 >7jffi2rffi^"f h . 
[004 1 ] sit, *%BJ! 1 8 ) (2. ±IEIf* 

3S1 2tfcv»T, !5fB#ttl2, *2»*S«±^ffM$n 
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[ 0 0 4 2 ] JEK, *HW ( Ut*« 1 9 ) 14, ±fBfM? 
[0043] HC #f6<Ui {m&2 0 ) {4, ±IEil* 
[0044] (ff*lM2 1 ) ±SEIt* 

ztzmsLk-tt ^F&tihnw&m £ stew * . 
[ o o 4 5 1 eft:, **bh ( fi3<ii2 2 ) n, ±mms 

JH2 1fc*JVvc, OTfB^»^S£(4. S»JKIIIffl*# 

[ 0 0 4 6 ] HC #?6 B J3 («*«2 3 ) (4. ±teii* 
fl2 2CJ3V^. BuK«^IIHi»^ffi«is 3f«S]B£ 

[00471 IC, #SMI3 ( 2 4 ) (4, JilBff * 

[ 0 0 4 8 ] JgK, ( fi3<lM2 5 ) (4. _hlEIS5t< 

lR2 4Ki3Vvt. I5IE&IS&W ijtf^yf WiATTA^ 

[0049] J5C ( |f*lI2 6 ) {4, ±IEIf* 

iB2 4lcfc^T. ffriEMfiBWr y >• -wU4 b K s * r 
y^;K»4t5 - k ^titt^tWnWlS* 

[00 50] *%BB (N$Q!2 7 ) (4. ±IBW* 
II 1 2 fcfcWC , WIB^W^^x 5 * U-S/ a >-T1# 
^n^ffigBIMR^Wtt^* < k 1 1 ocoiW- 9 £ 

tT*>*i.s £ k ^#©ki-i»m^a! H o pWM3t^ffi^ffi*'r 

[ 0 0 5 1 ] EC #«Bjj (H^2 8 ) (4, ±fEt83< 

5iP-y 3 yc*4 z k ^ak-t&mmawtet 

[00 52] mz, (tt$%2 9 ) (4. ±IBI«* 

^2 7Cfc^t, frIB3^7C^i)^^5 a^-^3 
y* 1 ^ m E 3 ft^tt^T^rn-teX ySj.l/-ya 

i*%M$m> £ k *«pffik -r hm^Stco^mnm 

[ 0 0 5 3 ] BP*> . ±IBW*JI 1 2 Jb£if#JH 2 9 tlB 



mnm^msh^mmumiz x tux » as** tmc*-^ > 

T fffcilS rn -fe X jy S a V - x 3 y£ X -o X W. 5 7 a 

5-yxm*)$m%tix\^htwi- x •i-n, ^wh^w 

«atBltgk*i.o 

[ 0 0 5 4 ] X, #«Hj} (11^113 0 ) (4. m^SPflK?) 

com^fffi^^tt^iii^-rsas^Bk , luism^^ 

tO»JiXgH^|g£«*A^filk L, iWA^ffi?:* 
K >- 5 a W - sy a >" ?rff ^rV ^IB^tt^^-f- ^Srf# 
Sayti-^yXfAL frf BfflS^Bat/'frlE^jt 
k ff IE 3 y b° a - ? jy X f -A S: Sc^S ¥S k 5r ffi 
fflE3Vt- A -^vXT A(4. HulET-a-r'-y'k* 
mfflr-^ k *Jt»«£*tT ! 0rv\ wmUMtomzX. 

o, iriEUiJtisia^^iftea k , i?i^»*t-^*> 
^ «sy $ n h mmmrnxmrnT t <rm<,z^m.mm^ 
titziks . mimmmm^mm^m ftix mmnmrn 

[0055] mz. *3tffl (»*«3 1 ) (4. ±1EI«* 
II 3 0 IZti V , fJlESjt^B(4 y» 9 X LT ». i 

[0056] SEC *% 0 J3 (Ii*«3 2 ) {4. ±IEIf* 
JH3 1(cawC, |t|fEy'9Xi!'^L7 , 'c»JtgB{4ft^ 

[0057] IC, (Itmm 3 ) 14. ±IEII* 

JK3 Ofctswr. buIBvS il^-ya X4. ^iftyb^ 
i£ k «j£jaREBc£ k «t h ^=FWrfi^ 5 

jily-^a >( l z&^Xfrbti&ZbZmWib-tZ>^ : ? 

[0058] MC (»*«34 ) (4. ±MS& 

moizto^x. HutB#tt(4. *mt*ms.±.izBf&.zti 
h i^izm^h®&x'h&zt*mit'?&n. : mm> 

[00 59] (|g^3 5 ) (4. ±IEtt* 

ii 3 0 [zti v . BiffE Wf- ^ k HWaf-* - ^ k wit 

[0060] HC («^«3 6 ) (4. ±IEIt« 

^^iJC^ia-Cff^tiSi k £#®k-f Sm^gflr&^S! 

[0 0 6 1 3 KC, *m <m&3 7 ) (4. ±IEII^ 
JS30tC±J^T. jgfc. BtrlEA^ffik U-CfrlEIS««^ 
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K?> t> #"# S A7J § ft , fflfeWH 1 »:*J* is ii^aV 
ii. fvfEA^ffik *<Oi?>feg"££fc:35#fttt£fT 3 ^ k 

[00 62] JltC, #»HJi ( W*H3 8 ) (4, ±IEI«# 

[00 63] MtC *«HH ( 8*3883 9 ) (4, ±£it* 

[ 0 0 6 4 ] W=, #fMJi ( 0 ) 12. iJEfflR* 

[ 0 0 6 5 ] *^J! (ft*354 1 ) {4. ±IEiS* 

JS4 0CfcWS\ H5ie^^^f^>- J r/K±ATTA*'' 

[ o o 6 6 ] kk, *«hj ( 11*114 2 ) (4, 

a4 0CfcW. Bfiieg^W^T >" >- ^ /H4 BKS^f 
yytWft4t4 £ fc ^fSk^&m^i&OilSjSi' 

[ 0 0 6 7 ] , ( 3 ) {4, ±IBlf* 

ii3 o iza^x . MCjHftt&S' s * u-S' a >-cn 

^ftftfJlE^tt^^K k fc lo<^Htr--?£ffl^ 
ft* £ k £1#®k -r^m^^See^^r AHSft-f 

[0068] mz, *mi (is*ii4 4 > (4. ±mm» 
[ o o 6 9] mz. (f»*H4 5 ) (4, ±tefjf# 

14 3CfcV^. ffillB3»:7C^ : ?»^v'5 a!/- 
y *» H5IB 3 <JC7U«f4ct f/K0rotXySal/-y 3 

*a%s*§ft6 i k £!»ffik -r sm^ta^jtxXT- 

[ 0 0 7 0 ] Wfc. ±IB»*II3 0 JbMW*lB4 5 tc:|E 

ytciSH^iaT'^Wr'y-^k L 
T , 5r1Wi|8]H«: 'J TA- ? 4 ATfUtS i k *M 
fgk&&. 

[ 0 0 7 1 ] X. #SKU (»*«4 6 ) (4, «f^ B n »« 
SrtTO 7o/?ATJb'>T, BU tESB£^ai*I t^Jft $ ft 

;tm^*m<o«ptt cr* s k mxmmTcoi^m £ atj 



<HtV\ lulB#tt^aiJ7-"-^^t#&¥)iIk SUf??* 

[0072] *f£HB («*«4 7 ) {4. ±IEIf* 
^Ifefc^k WIKIlRIRSik i £ £ k 

[0073] JEfc, #$&Bjj (1**^4 8 ) {4. ±Kif3< 

[0074] ®:. *5|H8 (»*«4 9 ) (4. ±!BIB# 

[0075] set, *»HJ (f*#«5 0 ) (4. ±ISIf* 
JR 4 7 tctj v , mm^Wt , iNWMS*^* £ - 

[0076] SEC *^ («**5 1 ) i4. ±1S1I* 

k * co»9> ff* * tSMtS:* 3 £ k £ ^Stk 
[0077] JSC. (fl*«5 2 ) 14, ±1EI»* 

[0078] SC, (Hf*«5 3 ) (4. ±IEIi* 

?yisr z k zmmt-twmmmm 

[0079] mz. *mi (lt*H5 4 ) (4, ±IElf* 
«5 2K*JV^T, fffeeHW^ >-i^ -T/K4 BK S^f 
k ^#Sk ^l>IE«l«#:^a*^ 

[0080] 5St:, 3(5»h^ (B*3H5 5 ) {4, ±IEff* 
H4 7^V>T, 1?IE^»^^v S jl U-i^ 3 VTIf 
^ft^ffiflEWtt^^ffl-f- ^SrfflV>T, "f)V 
cr>7v-tx i/ 5 a V- ~s 3 y* J fT ^ixl> Z k SrWSk -f 

[008 1 ] MC, (f»*«5 6 ) {4. ±IEfi* 

If 5 5 tcfc V ^X , fflB.ttWriitti' 5 a u— x 3 y k 88 

5 A y-y a VC* & Z k ^#afc-rSIEIi^*2rS« 

[0082] ©:, *^0J5 (W*II5 7 ) J4. _hlEli* 

y* 3 ^H>)IE 3?^7c{I#: ; E:r';^rn-tXiy S a. V—i< 3 

***IE^Sft4ikt«rSki-4iEli«ftSa«-r*. 
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[ 0 0 8 3 ] W*> , ±IBIi*3S4 6 T^SIf «IM 5 7 fclE 
tt*>IB»«fls (c J: titf , rn - t ^ S- Sim t «» $ -fr 

t * - * rt*K(S«W'S:¥»*»3t s^X -f A Srft^L. 
[0084] #?fcHJl (1**119 ) fi, a b i n i t i o 

b 1> 1 -9KBSi-&«R<^mt<?5^*< i: t> 1 o<0^»f 
9tz< b 1, 1 o^fc(tSfIIB1S^ ! »ttW^< fc fc 1 

¥'J^ 6 x 5 a V - ? * 5 . 

[0085]-*. *wmm&at^9M¥!s s * 1^- 
v > ^ man** lt •en-e-iiff l v l-t jsir 

D , 4-* T'K&v U >«t£ 1 3 1 S art" i b **fti*fc . 
[ 0 0 8 6 ] t-f ( 1 ) Olt»3S^^SI(cMLT^-L 

mi<*!ttix*-h. ttrmutFcii. i^Hi-it-? 

XX. ZtlZ, ir@LT^4 lOOMttzitl OOOffl 

com^mz^xmiL^x»< tot***. 

[0087] i(0aift*S^<0«tc5rS^Wtf^*>'-# 

w&x foh, ztitK mk^w-^mx-itm^ tiwt 

A,X'$>&. 4HSW4, -tOJBOWIR^fe^tattrv^ 
4. ifi^JSH^&i. 1<«#^, -JlZM-yX 
^4. ift&stjrrs&B****. HRairWV^cT) 
3Ct^-5T«aj§<i4^7 : -y ^r/l-x^dfVij £t t 

tt, Wife- #fyi/t/^, EfWSTlWfcfcfcC. f 
tt>*K^ fcSn*>4 # fcov vc #l»J*W>f— ^tff o T 
J3<*ffiSrKo-CV^. ico^rftTJis ±IEW10 0ffl 
ifcttlOOOffl^lH^Kovve, fen. 
Sat, itff-y^/l^SSfcJLtfi^ h<r)X'*>&. Z 



r y =/ -v >vco± % $ co ztitfticojj&i iztt-f 4 fS£ #>\ 
Zti^tico-ftfaco^zfchhWX'hh (02#8a) . i 

[0 088] R«f— 77U*f£4*>fcS 

4*^t*s>4. ±fctaKfc*fc. iffyy^^ (v) 

Bgffi ( r ) ^«»MC*»^^->TV^4. -fLfe 

zti*. mttwz. mttLxvmzft&toimmz 
mt^\ mufe\i.rcomwxhhco\,z, ttzmn®-? 
xmifrcommzfc^tz'o^h, 
[0089] *wmw±. zcomz-fstizimzim 
x\ ±Mcom^Ty^^)vcomM^co^m.tiK mm-t 

ntio, &&#<o$&mi--M.itmzm.mz%htf. it 

»i^«ttt J «»< ffi*4 i 3 t:=4r-sfc. t¥*oJ: ? {c, 
ft^S#Sa L=5r < T ft v ^J; 3 (c$r oTt . 
[0 0 9 0 ] Ttt, CltfOSPg)S!lH8fit^^— &C0M& 

?comcoft!mi>&ftX'%&. ztit>t,z£y), 

*4„ *wmm±* m®Lxm^x^z>$zmz^x 

ZbX\ IEL<, mtWtfftbtiX^hZ.biimL 
[009 1 ] OT#«9it:ia$'*ri»<a*K£AttW 

LTv^^#«5i83g^^7 i Aco-a[-es>4. zzx-ii. 

T^4. 

[0092] X1?htVj*-9V UZ£iXnt>tXfz%, 
Xir-/'i-7VI ICiH^>n4. Xiry'i-7VI I (C 

14. f^-4*«BB{CJ:4^aet>A^$ti, ^^^{4 
*tit»»r«!Jga5 1 VTJt8S*i& . 

[0093] *tibl^»Tlt^g|5 1 V-C'WjrbK^** 1 '. rF« 

zmm^y^yb ixcoy^^x^mv-m^-'y h 1 1 
i*^n4„ 

[0094] rn-feX^fi)#tiiJ--'/ h 1 T14, 
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flfflaffiK? Bg^ttSaJi- y b I 

[0096] zcvxoiz. *m\izx^x. tmwmw. 

iiratxt -rxt-tr-x&u::, mmcnxuzh 

[00 97] gRitti, *fltt¥/SaV-^ i i <n 

a^ffiSrfiJffli-StWTfcO. SS2c0gB#I I b(i, H 

[ 0 0 9 8 ] Wfe, *S&HJ!#&tt, tt»«f¥a»tfe'fe 
BH56L^:. OT. *fgBBtc*JttS«rLv^ab initi 

K [n (r) ] -In (r) • V z (r) d r 
/ (I r-r' I) • drt 



[0099] *fPJJ#*WPB&Lfc*rU^S*l'-S' 
g ><Z)iMMIIlft*H3 fcijrf . #?*0J¥«# (MD) 

tmmmwi (dft> t&^L^«rLv^^«sg 

[0 100] 03{c^-tia{;, ifflW? (md) 

( D FT ) ti_t¥#£tW>T^.&. ^itt^ffifi^K 

IS«fyi"v;K:li, z f*bW,—ffi®.frt>%.ihfz 
^T-y^T/^fflv^. ftKi\ ®J£ifiJ»!fc ( D FT ) 

[ 0 1 0 1 ] D FTaS#T\ ffiS^V^^WSJS^ 
&<9£x*;l^-£:£aycB< . £x*/Mf-(2 (fetd 
WRIT'S A^&'^-f^) tFMn ( r ) <0iHWRE 

[n (r) ] 

[0102] BP*>, E [ n ( r ) ] l±, TIB^ (120 

i ) t,z£<omzn&» 

[0 103] 
[SI] 

+ -|- / I i2n (r) • n (r' ) } 
I r' +T S [n (r) ] +R J(( , [n (r) ] 



•••(1201) 

^mmi^covz c r ) imcor-uymzacoftM. 202) \,zx<om.^ti&. 

H2iB{i:m- : Fraw^-Dyffi5^fflx^;^-, SI3JS [0104] 

B#c0^i6x^;P^f-T s ( n ( r ) )T* 0 . TIBiS ( 1 

T [n ( r) ] ■ S JT*(r) (- V 2 ) V, ( r ) d r -(12029 

SB4WiSattiR|X^^-Exc[n ( r ) ]T\ *C0 [0 10 5] 

&itmm®jmmz£&. m^mmn < r > «Tta5$ [»3 ] 

(1 2 03) tzt*)*k%tlt. 

o (r) = S I V i (r) | 2 - £ Tj* (r> Tj (r) d r -(1203) 
j-1 j=l 



SKttJMi. *(1201)»E[n(r)] C0$£ttZ 
OfcgWCft*. TIE^ ( 2 1 ) , (2 2)t:,TfKS 
^"Sst (Kohn — sham equation) Srftf 
lit, BI*«E»/hS^**»feN1H»ffl-*-&. * ( 1 2 
ll)fcn(r) tfA->T^hfrt>. n ( r ) , $ 

[-V*+V.„ ( r ) ] V ( r ) 



( r ) , ^tfT^S/^Veff ( r ) SrgeMfrt 
(self-consistant) WUf& 

[0106] 
[»41 

= Ef (r) ••■(1211) 



(12) 



nm*r- 1 1 - 1 1 6 9 0 6 



V ef f (r)=V z (r)+J2n(r')/(|r-r' I ) ■ 
d r ' + dE xc [ n ( r ) ]/5n ( r ) 

•■■ (1212) 

3S38fflR|x;M^-Exc [ n ( r ) ] «, «Br**5S& 3 ) 
(LDA)tl 0 OX*/Mf- exc ( n ) fc« [0107] 

E IC [n (r) ] = J e IC ( n (r) ) n ( r ) d r ■■• (1213) 

exc ( n) <OJBl± s Wi gne r V^V>5 Rfc^S**.! fc. 

SBKSiiT^i . fg£, fl^TW#*rtetinrp tfft [0108] £x*/l^-fc LT . #»BJHHWi««* 

aawwi. sc ( 1 2 1 1 ) <ovz (r)ttxmw mt la^^-oy • x^ryy* 

-nym*(0££moCDX'%< . ^cDftBT'Offfie ;kt>*t»t«**-5fc. BP*>, TIE^ ( 1 2 2 1 ) X'h 

K= S ;T, (r) (-/) T s (r) dr+U (n (r), I R, ) , lov)) 



mt&kft itma. xrt'?>.eLv%y) . su 1 2 2 

1 ) cOtfjZfflSUaii, DFTcOiS (12 0 1) *>^>*J2 
<7)Ts [n(r)]T*0,<{1201) fciaraJBO 
« ( 1 2 2 1 ) coueoiasT**. -ewgBWi, df 
Tc9^fcffi«(Cl#:j£{Rc95£ (12 11) *^V eff 
( r ) "C^StU *Hi9 Vz ( r ) im^yy^rlVX 

H 1 ? 
i-1 £ 1 1 = 1 



•••(1221) 

[0 109] ZZX'mt^iLljZMxte. BH*>s ESr 
■tfy-yy'riV ■ z.*)V*?-tm:LX, Mz, TIE^ 

(1222) \,z^t mimmi^^-^mx-t 

[0110] 
[&7] 



•■•(1222) 



K7/5y/ryli, TKiU 1 2 23) fc«fcoa 
[0111] 

L = K-E ••• (1223) 

sU 1 2 2 2) +^M X (±, ^SOU^F (-f^y) Oft 

Jtfi* (r, t) 0 h (r, t) 

Sr^ALT. LtTiB^ (12 3 1) SrJqxfcfecD^ 
-ecOtg^s TlSiS (1 2 3 2), (1 2 3 

A.. t/V * (r, t) V. (r, t) 
i . k 1 K 

tfQj (r, t) — IS (r, 

M I R I=- 7 EI K 
U v a v = - (6Z/6 a v) 

S(1222) ^aaftx^^-WiftKT^StJCrS. 

^£ftoTV^C0ft'*>£>. El/2 M x R x 2 fc^Mffi 

x-^ui. wmx*%<iam<omxb&. ttzu, u 



fWcJEtTSE*.*:. JR»flWt LT. TIB^ (122 

4 ) iz^-tiEmm^^ 

[&8] 

d r = <? ik •■■ (1224) 

3 ) , (1 2 34) i>'#^„ 
[0112] 
[»9] 

dr-S^J -(1231) 
t) ) +S A ik T i (r. t) -(1232) 
••■(1233) 
-(1234) 

[0113] mttf. u«Mt t LX~&ffl)*t>T->0b 
■ftlli. Rj *ttbtz££1>\ &%{tLX^%comm 

*0B*f#s. zcd®, i 23 i ) ttmtfott 

9 , ( 1 2 2 1 ) b %<7)TcDi£M(iZ£ *) s TIE 



(13) 
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it ( 3 0 ) 0i <0*W»B^*aaK:fPS [0114] 

{ A ih > jWfcflWfcSftTK S#©# ( 1 2 3 5 ) £f# [ft 1 0 ] 

6. 

[V*-V. ff (r> ] (r) + £^ k (r) - (1235) 

o*0DFT-CKS*S^*»V^«0fc|B|t«r**s i 
mulated anneal in gX'&tzZ t lZ% 

ynamical simul ated anneal i 
n g ( DSA) tmftl&» 

[oii5]S(i23D comftz-tm, 

AtS nk (r. t)= [V*-V. ff (r)] ^nkd-) + A nk 0 nK (r , t) 

••■ (1241) 

Anklitfyj { A ik > <J0HW«T* 9 - X^Mf-JWaT [0118] 
&6. 0nk ( r, t ) £gfWLT. TIB* (1 24 2) [ftl 2] 

^ A (r, t) =S C nS+c (t) -rap [i (K + G) r] -Q2C) 

c 

m^y^-Y^mmmx-hi^^f ( -Ko^friiHR [0119] 
izmtzzti*^) s ■&ii#7-yi'-v>i'V eff i>mmi tin] 

X . TIB* (1 2 4 3) 

V rff (r. t) 2V 5 (t) .«sp[1Kt] -C1243) 
G 

£ ( 1 24 2) fc£ ( 1 24 3) < 1 24 1 ) £ft [0120] 
ALT. TIB* ( 1 2 5 1 ) tf'ftbtlh. [ftl 4] 

G 

= 2: [- I K + G l 2 +^ nk l C D ^ C (t) •exp [i (K KG) r] 
G 

-S £V ff CDC nW? (O -exp[i (K' l-K' +G) r] 
G' G* 

■••(1251) 

^iHCOmkCOmX'K^K' + K" t«< Eexp [i [0 121] 

(K + G) r] tf£:&Cr>mz}mt%&frt>?\-LX , T [ftl 5] 

IB* ( 1 2 5 2) 

;uT n , KtG (t) = [- I K + G | 2 + A„J C„, K+G (t) 
-XV a - 6 ' (t) C„ iR + g' (t) 
= - [ I K + G | 2 +V 0 (t)-A nl ] C n , Kt0 (t) 
-IV G . G ' (t) C„, K(G ' (t) 

••■ (1252) 

ZZX'fflUm*. TIB* ( 1 2 5 3) Iz^k-fi. 3 (CjgM [ft 1 6 ] 
U 

&>=(( I K+G | 2 +V 0 (t) — A n ,)/^) 1/2 

••■ (1253) 

* ( 1 2 5 1 ) c?)&Il££ftiZ%t5i-b . TIE* (12 [0122] 
6 1 ) a^ftS, [ftl 7] 



■Y/ix&wmxco'&mftzm t < c t **«bb-c* 

[0116] <£nki±, TIB* (1241) fcflifc-f tt"f 

[0117] 
[ftl 1 ] 
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C nsK+ G(t+At)=2cos(a)A t ) 
— 2 [ 1 — cos ( 60 A 

AO, WlttM^Stf4£fc#ttJ*4. 
[0 12 3] OTtf)A oK* 

-2^/3L 3 | n z. 

i 1 



C n> K+G (t) — C n> k + G (t 

t ) ] {£ G " v G „ G * (t) 



V (r«)" V (i-l)' 



2 



At ) 

C n , K+ G * (t)> 

•■• (1261) 

[oi24]**w#fe(i. ^fir^aiia 

#C*ST!£# (1 2 6 2) frt>m$m>t:. 
[0 125] 
[»18] 

-(1262) 

ffWf»££T&<> Ewa 1 dCTXfrffitiKa. 

[0126] ^-ny ■ rtfr-y^-Wl^Tfe^ (127 
l ) £A9*M-fc0>fci"* 

[SI 9] 



i-l j — 1 d 13 



•■(1271) 



S(1271) !<Zt5^X, N{i#efe a B rt^)iST-m. * 
CO+cOlSlJB^eBfcffim^ri , Zi -CfcOs nti 

TIBj^ (1 272) A 

fc. 

[0 127] 

n = n x Z x + n y Z y + n z Z z ■•■(1272) 
hfl£ix£« ZZiZ^ Zx , Zy , Zz #^¥?lx, 

K (r) - f S X: Z. 

D J j 1 n 1 



y, z^ftO^Ks? Y)VX\ nx , ny , nz ti-tfl 

fcSo Z' CO' Iin=0coW^j = i £KK<Ii:£«ift 

[0128] d i t*«BB«feaTE* ( 1 2 7 3 ) K 

[0 129] 
[*20] 



exp [- I n+r.-r | 2 t 2 ] d 



±E3t (1 27 3) KfcWt. G < r. t ) JitCOfflffl 

N 

G (r. t) «2*/ (Ll-L-f-L ) 

X y r j-1 



t f G (r, t) d t 
(T 



■■(1273) 



[ 0 1 3 0 ] G ( r , t ) li. KfcTK (128DC 
[*2 1] 



r.)] 



•(1281) 



±Mtt (12 8 1) fcfcwt, m\mm-^ h)VX'h 
0 . TIE^ ( 1 282) tJ: D*:fr£ftl>* 

m = m x • ( 1/L, , 0 , 0) +m y • 
+ m z ■ (0, 0, 1/L Z ) 

ffi&mx , my , mz {J-eft^ft-^^oofcfcfcSSS 
»T*>6. m=0cr>B*{±, exp [•••] = l*»»fe, ZZ 
i = 0T"S>D. ^ifSft^gWm^'OT-^ii', m = 



[0 13 1] 
[R22] 

(0, 1/L„, 0) 



■•• (1282) 

0««(iMi*. *^*»t«>m=0(!03S*»<i:s TIE 
^(1 283) fciflrS. 
[0 132] 



(15) 
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[»23] 

G (r, t) =2*/ (L i-L v HLJ 2: z,/t d 

x y 2 i 1 . 3 

•exp [ -x 2 \ m I 2 +9.x im (r- r .) ] -(1283) 
*«W*W*»*Wat k-CWt. G ( r , t ) CO 20 [0133] 

comzmwrx. Tta^ < 1 29 1 > [»24i 

K (r) = 2ff/ (L x +L y +L z ) S X'Z^t* 

•exp [ -ir 2 |m| 2 -f 2* im (r - r .) ] 



d t 



•(1291) 



j 2/V > S Z. *exp [- I n + r . - r I t z ] 

'k 3 = 1 m 3 

:;T3MHHWIi LTTfS^ (1292)5: [0134] 

ffl^fco [R25] 

f l/t^euit-aVt^ dt = l/5?a 2 ««p[-a 2 /K 2 ] 

oo 

J 1 //> • exp [- b Z t Z ] dt-1/b- erfc(kb) -(1292) 
i 

dfifciO. TIBjC [0 13 5] 

( 1 293)ti *)mh£tl&. [»2 6 ] 

N 2 
0-1/(1^+^+7,^ 3E Z./lmr 

•wp[-ff 2 Jm I V* 2 ! •«» [2?rm (r- r .) ] 
N 

+ 1/2 ' ZjZj/ I n H r j - r | -erfc (* I n + r. - r !) 



3 = 1 D 



m 

il/2 S Z. lUiZ/|r.-r|» er fc(/c|r r r|) 
j-1 1 1 1 



-Zj/I r r r 1} -(1293) 



E' ^±£0' 9«i. n = 0<JO« s j = ifcBKii:* [0 137] 

SWc-t*. [»2 7] 

[0136] SC, TISjS (1301) *<«Sr^4 • 

N 2 
1/2 S Z. li* Z,/s (2 //>/«& ( - t *> dt-1) 

-1/2 £ Z 2 lis (2//**^ (-j^S 2 ) ) 
j-1 S-0 

= -*//> :£ z/ -(1301) 
j-1 1 

ZCOH (1301) lirfc*4fcVM&>6. ^tiiWffi* [0138] 
^ 1^(1301)11 JEfcTSW ( 1 30 2 ) (3 [»2 8] 



(16) 
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S 2: 7 * 7. -cos [2*m ( r . - r .) 3 
i j 1 J 



= 2 Z. 'cos [2ffinr.] 22 Z . • cos [2 *ra r .] 



+ S Z . • sin [2 TTjn r ,] 2L 2 , ♦ sin [2 frm r .] 
j-1 1 1 j-1 J J 

N N 
- S Z. * cos [2 H-m r .] 2 + S Z, *sln [5>rcnir,] 2 
j«l 1 J i-1 1 1 

= 1/ (L +L+LJ 21 Z,/| L | 2 -exp [-* 2 | T, I V/c 2 ] 

X Y r j-1 » 3 

N 2 H 2 

• ( S Z, • cos [2 JrL r .] ) + ( :C Z. -sin [2ffLr.] ) 

j-1 1 J j=l 1 1 



(1302) 



m. ria^ ( 1 3 1 1 ) - ( 1 3 1 5 ) tdj; vmhzti [»2 9 ] 

So 

N N 

0=1/2S£' SZ.Z./I n + r,-r.lO (1) +0) (2) + 4> (3) 
i-1 j-1 n J 1 1 J 

••■(1311) 

<D C1) = 1/5? X S' 2 Z,Z/|n+r.-r I *erfc (« I n+r,-r. I) 
1=1 j-1 n J 1 3 31 



•C1312) 



* (2) = 1/2 (Lj+Ly+^z) 1/1 L f 2 -cxp [-* 2 | L I 2 /* 2 ] 

- ( (2Z.cw [2tL rp ] ) 2 + ( (EZ^in [2 »L ] ) 2 ) 



4 0D 



-«/>T* • EZ. 



■U313) 
•(1314) 



<P = 2 (3L T. LJ ISZ.r.l 

x y 2 i-i j 1 

^IC, nii, n = nx • ( Lx , 0, 0) + ny ■ 
(0, Ly , 0) +nz ■ (0, 0, Lz ) Vfo*) , , 

mtt. m-mx ■ (1/Lx p 0, 0) +my • (0, 
1/Ly , 0) +mz ■ (0, 0, 1/Lz ) T*#> & . 

*>erfcCOH^J:o-C. <X>(2) T«S^3&«exp 



-U315) 

[0140] «H*«K3ST*t»&fc cfctLjf a 1 
[0141] H&K^i&^Tii. J^P^x/i^ 



(17) 
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[0142] ±.lzmVtz£ o CH^I^^fyy^r 
Mi, -mzli, 3#T82»T'9 6. i<X<0«l*^V^i 
JaT<oaOT*>4. BP^. W—WIFF ( i ) 35-« 
( j ) kwfflBC, $4>K3SH<91S? ( k ) 

z ( j ) ^jitxAo-c<i.^** s $)i>o znzm^i 
situ ez%t?-ft%.t-th. zfibcomSiCDiLmcoffl 

[0143] *«HH#feti, 06t=*&i«PKKIiHlllS^ 
Sff -C S h mz L tz . fcf&HJW*);^** t-n < v%3£ 

Ji. Jtth/Srv*. 3r€'&^ ¥WflsLS l<75Wl«**ia 
5*t * (c ti» fc'&ffi fcW * ^ ft* v we, £ 

fcdff-y^^t', ««MtU, r- 7';i-#^ 
iCli s block data tut. m^zLxmHLtz. 

Tn^ASrfcffrSLfc. fl^tti, cubic s P linei££ 

T. f— 7>$r?lfflffi*S J: 5^ro/5ACL/;. L 
*>U J9r3tf>*tt ( rijt,<9 ijk fc, r jk > iE?W 

"f i>g|$^# { '.£S"t\ -fiWiif then else^C&fflV^fc. 
£^«KUT, mmcO&ft ( ryk.^ijki;, rj,,) *>' 

Zi&htz. 

[0 144] iilT^S.t'JtC, 4ffiiZ$><COif the 
n else^SSrffl^fc. ^HIWITtt. if then else 

comz-o^x, mmz-?^xm*.tz. -ew^s, i 6 0 

0»Si JSW$>$r4#ttftfflRT\ «*tffl*3 0 0 



^^#Il7"n/7At'li m 
[0145] <X(;^ift^¥*^»P#tt«^S:t'^« 
[0146] >1S. L S I rn-feXfcSHvttt, 

[0147] *%BJ!#^(i. ^fL-?'nOfP0^ft«lia 

Sr. -a. stx, mtfcmzm«wi = f-<r>mmiz£X'ttmi 

[0148] tB«>T3SILfcWI«#R 

tiz, ms-tt^w\cr>Mcodpx-mw-i. L^tmz, y 

[0149] s i JW:, g^W^-f^v-v/l' 
Sr^K^L/w* 1 *^. Ztiii, -mx-fo&tf. S i 

y is* v ^ i t tz . 
[0 150] ZZX'Ri^&XTyi'vM&lersoinzi. 
hi><7)X'b$>. (Phys.Rev.Lett.56.632 (1986), Phy 
s. Rev. B37, 6991 (1988)), 

[ 0 1 5 1 ] 4\ TersofftCifUf. i#@WS i tcBHf 
[»303 

• 4- (V ij+ V Jt ) -(0001) 

Vij *vjiT-*>s. #a-ri»s in^c7)GB#^ 



(18) 
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Vij=f c (i-ij) [aijf«(rij)- 



( r i3 ) |±, #y h*7|JBRt\ f R ( r^) ti^S: 

*su f a ( r u ) im\nzm-t. a ii mmm.z%m 

Uztj-y h*7fl«, b i jiEfl3RSr*ltU:#-y 

V ij =f c (r ij ) [ aiJ Aex P (- 
f e (r)= 1 



[83 1] 

•bijMrij)] •■■(0002) 

[0152] f R ( r id ) k f A ( r i3 ) t± s Morse^CD 
^T->-^-V^$-^L^tc7)T\ fR ( t- i;i ) = Aexp(- 
Alrh f A ( r i3 ) =-Bex P (-A2r )T*>S. 
[0 1 53] Alt A214, JgR-CfcO* 



[0154] fc<I<?>T\ h?T 

[832] 

r i j)-b i jBexp(-A 2 r u )] 
( rSR-D) 



fc (r ld ) k 



f c (r)=l/2-l/2sin [^/2(r-R)/D] (R-D<r<R + D) 
f c ( r) =0 ( rlR + D) 

••• (0003) 

-*ymWL*&o. Zcoimii. TersoffKiftff. 
bij= ( 1 +/3"?i/) - 1 / 2 " •■■ (0004) 

xhh« zziz, 

[833] 



f ij = If c (r ik )g(^ jk )ex P [AsMrij-riK)^] 



(0005) 



? i j »«i*{4» 3 coK^k^Ai - k J: & aWtB?"? 
fohcr>X\ ifrbfLfcm&b. }frt>3.tcifr&kX\ 

g(0) = 1 -(c Vd 2 )-c V(d2+cos6 12 ) 

^ICJifcO. *IRWieS««tfflV^T«3lLT» [83 5] 

rij=^ < (x j -x i ) 2 + (yj-y i ) 2 + (z j -z i )2 } 

tao, rifctRtko^nsrsft^ii*. [836] 

ftmZPiik-f&k. 

Piok = (xj-x i )(x k -x i ) + (yj-y i )(yk-yi) 
+ (z j -z i )(z k -z i ) 



V ij *VjiT£>&. 8! 



(00 0 1) 
-jT, b 3j ^bjiT'J)l>. 

[ o l 5 5 ] *fc g ( e ) \i#y mm-x-b *) , 

[834] 



(0006) 



■• (0007) 



(0008) 



cose ijk = Pij k /(r i; i • r ik ) 



■•■ (0009) 
[837] 



£8£*-t. apfe. 

R=3.0A, D=0.2A, A=3264.7ev, B-95.373ev, C =4.8381, 
A!=3.2394A, A 2 = 1.3258A, A 3 = A 2 , 

0=0. 33675, n=22.956, d=2.0417 ■■•(0010) 



x-foh. 

[oi56] ztihcommmx^x^x^wM^m 

Xff<hlfX't>&. #?>i"*>W) (0 002) ft*®. 
[838] 



^-(«?V lj/(? x.) 



(0011) 



(0012) 



-rizshfrircbh. -eft**, mmwumtotttto 
rtx-hh. 

[0157] (0011) itM? (0012) 3X'W<. 

imx'tem^zk am * . 

[0 158] BP*>, 
[839] 



(19) 
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+ (<? Vy/,9 fj^Cd r^H* ry/dxj) 

+ £(^r 1J /dco89.. |[ )(dco«ff i j k /*x 1 ) ) -(0013) 



j&tf kfc^&««#^5&3SSEHi. PUSH: 
H^R 9 TttJUfc ico**«Ht 

F' (x.) l-CdV^/dxj) 



aft x s a w - * 1 zizftftfttz frvx'b h . 

[0159] 
[$4 0] 



+ (3V lj /<?f ij )(5f 1J /<?r i .}( ( ? r u /*x.) 
t- C 0cos 0 iJk >(<5cos fl j x p 

••■(0014) 

= --|- { (aV../Jf 1 .)(flf 1J /Jr ll )(i?r 11 /«x 1 ) 

+(*co8e Ijl )( ( ?cose lj][ /<?x J[ ) } 

•••(0015) 

Cti^^gJSte&OJ; -5 CSSBT* S. [»4 1 ] 

[0 160] 

= 3f c (r u )/ar ir [Aexp(-A 1 /r ij )-b ij Bex P (- A 2 /r id ) ] + 
fo(rij) [-A, AexpC-Ai/rijJ + AjbijBexpC-Az/rij)] 

= Aexp(-A 1 /r ij ) [<? f c ( r id ) /«? r id - A 2 f 0 (r id ) ] - 
Bex P (-A 2 /r id ) [5f c ( r id ) /d r id -A 2 f 0 <r id )] b id 

••• (0016) 

<? f 0 (r id )/<? r id = -*/4 D ■ cos [>/2 ■ (r-R)/D] 

(R — D< r<R + D ) 
8 f c (r id )/5 r id = 0 ( rSR+D) 

•■• (0017) 

<?V id /<?£ id = (<?V id /c9b id ) ■ (<?b id /<5? id ) 
= -Bfc(r i3 )exp-(A 2 r d d ) (-l/2n) ( 1 + I3 n f id n ) - 1/2n " 1 /3 n ? id n ' 
= Bfc(r ij )ex P -(A2 r ij )b ij (/3f ij )"/ [2 { 1 + 1/3 ? id )» > f id ] 

•■• (0018) 



(20) 
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CSSC4 2] 



1*4 3] 



= 3A 3 3 i; f 0 (r ik )g(^? i;ik )exp(A3 3 (r ij -r ik ) 3 )(r i 



: (ri ; j)/d r id 



: (rij)(r i;j -r ik ) 2 



g(0 ijk )exp(A 3 - v • l0 



(0019) 

-r ik )3) 



<5?ij/3 r ik = df 

-3 A 3 3 f c (r ik )f 

■■■ (0020) 

d K. ij/<?COS^ ijk 

= f c (r ik )exp(A 3 3 (rij - r ik ) 3 )d g((9ij k /dcos-9ij k 

f c (r ik )ex P (A 3 3 (r ij -r ik )3){2c2cos0 ijk /<d2cos2^ ijk }2] 

•■■ (0021) 

3r ij /3x i = ( Xi-Xj ) /rij= 3 Xj 

••• (0022) 

<5r ik /3Xi= (Xi-x k )/ri k =5rij/3x k 



(0023) 



3cos^ i j k /<?x i =l/(r i;i r ik ) ■ d P iik /d Xi + 

P ijk U/(r ik )5/5x i (l/(r ik »* 
l/(r ij ).?/3x i [l/(r ik )]} 
= l/(rijr ik ) ■ (Xi-Xk + Xi-Xj)- 

P ijk <(x 1 x j )/(r ik r ij 3 ) + (x i -x k )/(r ik r d 
= l/(r ik ) {(xi-Xj)/(rij)- 
(xi-x k )/(r ik )cos^ij> 



3cosi9ij k /3 xi = - l/( rij) ■ {(Xi-x k )/(r ik ) 
-(x i -x d )/(r ik )cos6' ij } 

3cos6'ij k /o l x k = - l/( r ik ) ■ {(xi-Xj)/(i-ij) 
-(x i -x k )/(r ik )cos6' i j( 



L(r i( ? ri/<5 t , V, dV/dt) 

= l/2Zm(<3 ri /3 t)2-U(ri)+l/2M(<9V/5 t)2-P E V 
(3L(q,j,q' j )/<?qj)-d(3L/3q' j)/dt = 0 



(0024) 



(0025) 



(0026) 



rnt^lliila-^y h I fc^gtflSriftW&o 
i^yS*l/-? I ICIi, m-WA^latLTii, 
08K^Lft7r-f/M22) , (32). (42), 
(52), (62), (72) mfrhW£.Ztl&l><?>i> i 

(ip-io, c?x, cry, a z ) , (IP*>, e x, e 
y, ez) , iaJSMr£T*4. £ ^^tJCtTlir.cO 

[0161] flfcfr, fl-<Dtti^t ixi±. \m^7 h/l 
r ( t ) tf&Z<&» -?• LT , H8^L7t7r^^ 
(23) , (33) , (43) , (53) , (63) , 

(73). (83) m<\&mzti&> x, ®m\i%.&y 
p/5A iii izx 0, it^m ■ m^,w ■ mstmim 



■•■ (0027) 

a£<7)IPHH4£3ttiiU H8c7)7r^ ( 3 ) MK&Sft 

&„ 

[0 16 2] ttz, H9^, ?Jlffl2 • 3^7t7 0 a-teX^ 
ai/-^ (H8CO (la)) WA^v—^^X^-fiaj 
2r*-T 0 HI OK, [B]t<iJlffl2 • 3^7trn-fe 
Ai/UV-^ (H8?) < 1 0 ) ) c^t olAto^OA^l 

[0 163] fBdf, HI OcOA^-^^li. H8T 
^Lfe*»*m**tr*&-C*>*. -^Hl 0(0^ 

wx\ *fi^s*u-^ 1 it. -0, 



(2 1) 



nmw- 11-176906 



[o 1 64] *»9»$>i±. mmmxT-y^vfr* 

t fz.tz4H i mJ} ! ¥>'$. ilz-ya^ff^, (l)#7n 
(2)0rli<Ox-^-yxai)llfi : $itTV^*»<Of-ja>y^ 

[0165] UttWfcJi, #*S^3SI^«fr)«fc S i £ft 
tie. JIUSJHamWWRfcL-C, ^|R±if<0S 

[0166] *f&mMim UMttJMMWfcJ: 0 . 
fl n ytm £ -irtf m lz ft & 81 * fr^f! 2: af* 

[0167] tat*. «>?7ailA**4<i"Cv^*Stt^^ 
cO«3tSV'#tt2-WJf^^^St LT«, ab i n i t 

fc. a b i n i t i o ft?®Jj¥m£3HZ&£kC0ffi&*? 



9Q 



AO 



KWiaWfc+tt^ri^Ox+^-ii, (303 1) 
5t<OQA^0S:ftAtT#fenS. 
[0 169] 



Eft ( 0 ) =E fl0 



(3041) 



IB^+lflH *WtLfcl$<9X*/l^r-ti, (303 1) 



mmz^imx-hiti. #?»#w>a*Ttt* 

1991^H, A.K.RappefcW.A.Goddard#"Charge Equilli 
bration for Molecular Dynamics Simulations" i; 

iS^LTV^. A. R. Rapped Hi o 

TigtSSftT V M ZUKT tt^lzti ft a mwft*^i£ & s 
<l£3ftU a^cOTC^fSA^naSfflT^SJ; 

£,*i4Si*SiO,Hifc*X„ PbTi03WTh^-3£3$i3 

[0168] Rapped t±, ffljfcJIl^x^/l^-E 
fz. fo&WLTMZ&^T. raWKftt'Srtt 

[&44] 



B A (H) 



£ 2 E 
<?Q 2 



-(3031) 



AO 



[0 170] 
[&4 5] 



<? 2 E 
<?Q 2 



AO 



-(3042) 



K A (-1) = E 



/ <?E \ 1 / fr Z E \ 



(3042)^(3041 )<r)miM *>ik#T>i<'VMP 
tc^rO. (3 04 3)fc(304 DcoHfi^jRfP^EAt 
4*. 



I P = E A (+1.) -E A (0) 



AO 

[0171] 
[»4 6] 



/ £E \ 1/ <? Z B \ 

V~*Wao + ~ V^/ao 



•(3043) 



•♦(3044) 



EA-E A (-1) ~E A (0) 



<? 2 E 
<?Q 2 



•••(3045) 



(22) 
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(3 0 4 5)3«COEAfc-*«ftV^rv^tfO« s m^£K6<7) 
tzmztchtzthX'foh* (3044)^(304 5)<7)M£ 



(I P + E A) 



[0 172] 

•••(3051) 



(3 0 4 4)t(3 0 4 5)<75f02:tl.i:, 
OA-?. 



<? 2 E 
<?Q 2 



'I P-EA 



AO 



ZZX\ (3052) 3&7)WIW»ft£2* i 4 . *»lf ^ 

<o*§£- co-f * ? - n y mKftm com^m z m i 

2«SHl4K*i". 036>fe^*»S«t, IPtEAcoHii 
^la^-oyfflSfWflbte&o-O^. tot, *A«i 

I P-EA=J flft o ••• (3053) 

JAAOSr idempotential i: Vf&Z t tC^S . Hrf £1)\1Z. & 
VtCiO. fliBg«*«3Mt;-r&<!OT', Hartree-Fock^c?) 

„2 



J° - 
AA 



14.4 



4 "0 R A 



ZZX\ JAA0(±eV*e . R12 A * . (3053) 

JttflJU (3 0 5 4 )5$*> n/iJR^figtUftt 



' E A0 + *A Q A + 



J° Q 2 
AA A 



[0 173] 
[»4 8] 



••(3052) 



^nfc^r < ^«iTii(3 053 >5^ifiia-ri <> 

[0174] Idempotential JAAOfcJS^ltSRAO^RIffi 



[0175] 
[»4 9] 



•(3054) 



[0 17 6] (305 1)(3053)*Sffl^Sk, JE* 
JTf^x*/Mf-(3 0 3 1 Hi. <te*T«t*. 
[0 177] 



[0 178] 
[»51] 



■(3055) 



•(3056) 



(305 5>5*S:Jfl^£ i: . *»«x*/Mf-tt< 3 0 5 

o 



i£ (Q 



r 



(e ao + *a °A + 



[0179] 
[»52] 



«A J M> + A f B Q A Q B J AB 



(3057) 



CQ r ~. «„) ■ 



,QN)t4& 



[0 180] 
[»53] 



1 N 



„ 1 N IN K 



•(3058) 



WMW-mcO^m 3 0 5 9 ) *> fc» (N-l) r oaLfc&SsS 



(23) 
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[0 181] "fflr*>fe. 
*,=* 2 = = * N -(3059) [»54] 

Z?H S J ¥ Q.-;t° + S J Q -(3061) 
J J 



Nffltf>SL£2rg3»;£lK< . 



< 3 0 6 1 ) ( 3 0 6 2) £v h U ••/ ?XT'*l^-f & t - 



CQ — D 
,Dj Q 



tot. 



0 _ 0 
l" *i x l 

c ir i 

(i>2) 
(Nl j 21) 

(3 0 6 3)iCS:»<tC^oT. #4 JfyaTOOfcS^ 
{f, •eco«ffSr«HMH=H3£'t«.. (3 0 6 1 
063)^^iELTVhU-y^XSr»& s JRSJStf 

14.4 



J AB (R *B J 



AB 



*slat 



"25TT 



4x (.2a) ! 



.rele- 



ts 06 5)*fcfflV>TlK^e9¥%*4X£**>*>i:. 



[0 182] 
[ISC55] 



[0 183] 
[8*56] 



■•(3062) 



•(3063) 



4. tit, inufcotf ^>*3* awrs h . 

[0184] Ci^ffi^Trail&^JiJAB^&ST* 
4. K?AfcBfc«gE«RABa**$^i:#£li 
[g*57] 

•••(3064) 

t> &«9ffi<0®l&fl:3 -Dial* 1 =& * t "t 

[0 185] 
[gSt58] 

•••(3065) 



[»59] 



2r 



A. 



[0 186] 
[»601 



2n + 1 
2R 4 



-(3066) 



••(3067) 



[0 187] X^-U^^^Ate. 1211 6(ZtkU 
Jg(Na, K. Rb, CsK X*'\94 H(C K B 



Dtti. *ft^*uo«?ff£QM. QXk*^k. (3 
0 6 2)**»fe, 

Qtotal=Qt1+Qx = 0 

.\Q X = -Q„ - (3068) 

(3 0 6 1)5S*>6 
[»6 1] 



(24) 
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•^ | - J B Q I +J «tQx"^ +J M«I +J XX U X 



•(3069) 



(3 0 6 9)^tC(3 0 6 8)^*ftAt-St, 

( Jmh — J nx ~~ J xpi + Jxx ) Qn : 

J«x = Jxn -(3072) 

0 0 



(307 3)5fc03e»fcUfcW**. tt*3ilfcQ4>6 
(3 0 74)^£ffl^vt^ffi^*-*yh/zMX£:&tf>. II 
®>ffifcttB!LTA fcfcJ&Ti. 
[0 188] 

^ MX =4.80324Q M R nx •■■(3074) 
RMX{i*S^ffi«OSaie-C*S . (3074 )^fiQ#e# 

Btf^frO^. i<7)A^fflV^t (3 0 6 7)*J:0 
ffifflittiWHR ? * { E1 1 7 coSKOffitc* * s . 
[0189] TkmizmtZiZ, Rappe^Ji. ftiJ^7C»i; 

r„ («„) -r°+Q H 



[8*62] 

' # ^ x — X 

[»63] 



(3071) 



•••(3073) 

[0190] 7K*<OmmKttJ££Mullikeni;Paulingfl!3 
C0Hit±Wtti:JtK-r4i:-SS:LTV^V\ Pauling 

mmHtt-C-J)-i»c7)H>rtU, Mul liken Tli. 

ifi & |« « & v V)T\ ^frWfc mat! EA/flTFtf) 

[0191] «-5t, EAHSrSg»£LT» **«*0Hi:J 

OHHfcfc 
[0 192] 
[»64] 



1 + 



■••(3075) 



mm t eoJt«*» . «/J>T3RStc 
*°n = 4.528eV 

JO HH (0)=13.8904eV ••• (3076) 

ixtzm$tt(VtlMfre>. *<> H =4.7174eV 
J%„(0)=13.4725eV ■•• (3077) 

zmmLzi>&^b utv^s. 

[ 0 1 9 3 ] Sfc, S«JM6*»S&**. 
[0 194] x fl °, J A A°*i. BB^*»(=s JK^flBR^a 

mtli. Li, c, o^tii TB(3i%bfcJ:3% 

mzmffizmm-tz. zcommntE^ cq) =00 

[0 19 5] Vhy-y?X(3 0 6 3)£«VvC**'>^l; 
WSr. 131 87?>M02 0^L^^<OKHrt(3*S 

mftmz®fet& . 

[0196] W±# { Rappe^<7)^i£cO&A>£ LTJ>£>. R 
appe^>{±, iracO#&?:*«|^<?)^tafflLTV^&. 
**9»6tt. RappefecOtjyKLfeJS-T (0-ftWr 



& iz x & vrnm^m 

[0197] (305 7)^m.m~mi. t^tw^ 

fc. -fit, »«x*^-*tt-*"n.lR, ftttfcfflv* 
#*> £ i t *SUi, L fc . -t&;b*> , «Htx*/^~J4JS 

£> cot f*x *rt*¥- 1, #MW S J; 3 fc t , 

[0198] z coMte^ (3 0 5i)^mM^)v^<r>m=f- 

iTf 6 t , RABrfp'ji&lO^y^'X hD-Atl±cO^:#^ 
V 'c JAB=l/RABi: — mz®.o . ^-b/^r/t* 

fnrt, (30 5 D«i±a:<oaM=3as?n&. 

[0 199] 
[IS65] 



(25) 



ftffl*?- 1 1 -1 7 6 9 0 6 



E CQ^-Q,) 

/ OX 1 1 1 

A V A0 A A / 2 A, B v-0 2 A, B 



+ s — 2: Q * Qb 



v 2 A.B K 



ABv 



1 ^ Q A Q B 

2 A.B 



■•(3081) 



D***. (3 0 7 8)^3^: ffi£5Iffl^&o [0200] 

1 Q A Q B 1 Q A Q B 

2: S X — — 5: 2E S - e r f c (kR R J 

2 A B v R.« 2 A B v R, 



Y S 32 3E 

k 2 

— z: q: 

AT A 



ABv * n " T ~ABv 
Q A Q B exp (- I G | 2 /4k*> 



I G l 2 /4k 2 



e x p ( i GR^) 



•(3082) 



v ,v+ 



I 



Y1RX<mXkmmth>^*9'Chh. SEC (3 0 
8 2)*6ia»— Wi^^Ofl^A^^Wi***, 



•••(3083) 

[R6 7] 



(26) 



nmW- 1 1 -1 7 6 9 0 6 



<* E 0 1 1 



*Q t 2 B 2 A 



1 ^ Q B 1 «A 



2 B R^ 2 A R M 

1 Q B 

+ 5: - — erf c (kR.J 

2 > v R il* 

1 Q A 

4- 2: — e r f c (kR.. ) 

2 A v R Aiy 

* Q B exp (- I G I V4k 2 ) 

+ n S IS — 5 = — exp (iGR iR ) 

2Qk^ B G ! G | V4k^ 

x Q.exp (- [ G 1 2 /4k 2 ) 2k 

f n ^ s ~h exp (i GR. ) - -— Q. 

2fik^ AG I G I V4k^ hl ft 



ij 3 v R ijv 

Tf Q.exp (- I G | 2 /4k 2 ) 2k 
r S S-^ = 5 exp (i GR-J Q. 

nr j c i g r/4k^ IJ 1 



•••(3091) 

fcJfc&o «»T«^)*ft36*6, IHffl^rg*#f*fc*i *i = * 2 = *3 = = - (3092) 

£ o (309 1);*£ftALT. 

[0 2 0 1 ] [8*68] 

wp(-|Gf/4K 2 ) , , ) 

- (3093) 



(3 0 9 3)&?$i#&lim<Vm3ffi&*M<ZblZ% [0202] ( 3 0 9 3 )jW^CQ=-DcOV h U -y ? X£ 



(27) 
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[0203] 



[»69] 



CQ--D 

^--(x;-x, # )^(a-Q) 

C¥ ~ J *~ J, '-i;*'k 

* [ Re* R tr> ) 



Or 



(i, JWIW*«^frS-#ii;L^*5< i >(3 0 94)^2rWWi' 
AV**£ft£U:. (3 0 9 4)3C(i«?ffQte*tLt^* 

[02 04] S&K, *»BH#<?>{i, mM&lz&tiiX 
<D9 — p y mft?) * t MUZ i ffiSSr o fc . JABf i . 



(3094) 



lit 



[w<M}-(&f$tK) 

hKl^»%]-(|.{.f|[i^] 

(a, a' ,0,0') 
= ( 1 +r a ) a ( l-r a ) a' 



?-n>H^JAB. (iRoothernCO^r&Srffl^T 
ftlLfc. RoothernA>(i, ^-ni-iffi-JABWi, t 

[0205] 
[870] 



r„ltf±£ 



(3101) 



mi i ] 

( l+r„) 0 ( l-r b ) /3' 
[»72] 



(3102) 



(3103) 



(28) 
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t - IS* - 44k 1 - 30c ')p, J« J *" 



- (3104) 



©t*x (3 1 0 4)SU4BITT?*0*, 



N"i]-|{'-("T^7''*i'')'-f 



[02 06] Roothern^(±ls,2s,2p^-f 

-jRW t=ffl v \t> n & si &#s i o 2 tm t & i. o (= . fta^ 

[0207] jABcoffli«?tft*ic±# <^#-r§ . * 
owyw^am-*-* re t fflv ^ x u - ? -fiaiwp m 

Si-CK=Si -Si £8B If-^cOJWttCo^T gS^fc . 

5351 2279 , 
1 + ^72 P + 153? P + 



- (3111) 

[0208] Rapped ^mVM^Wt\Zhh t1& 

S *> t V > o jDBi^BT* 2» . Si *>±jfrf 
R(MP3 > C&*C2:#»6, SlWltffifA*3st*>4 ktf^Wt 

«Lfc. n=3tCfc(t&J<^)Sff^{±RootherriC7) 
*)Sfc^v\ #S6BH#&**, B'J&JHSLfc. flUfcf. Si 

[0209] 
!73] 



-;{-( 



631 , 191 < 179 . 7 « 



189 K 1134 P 8505 P 85050 P + 1403325 P ) J 



•• (3112) 



1 2 1 <4Si -Si fflo 9 — o ^fflaf^fflJOtHMSSf A 



•6. i<0«^t:{4. 2sfc3s<?3MiiS:fl6fflL'rt>JOttt 



(29) 
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{Zfoh fctT/HtLJt*^»JAB<Ott1l*f***LJt. S 
SS^P^tT , J(OjBOfp>1.6AjfiSl-r«/Mt^oT 

tffi^TjS/McfMteixT: Li 3***#a>-?fc. Si-H<D 



;l/tUit lsJ)4V>(i2sc0Xlx-^-«ijIS:fflv-i&c0 

[0210] a ttiEKk. *W»«6ii, r 

[R7 4] 



C3115) 



Jf 



C751 



^-a»i-flw»»flw)-2^*xSai*jC^li)*j^ , aifl^ J if 



- (3114) 

(3 1 1 4)^*21^-11, SOB, SaDStf) i/-v;l/*HKi, 
L' *>E*ti, *<i<WiwWt*»*K:afc^TWi||i [1*7 6] 

*«J (Q 1- Q H1- Q H»- Q ^ " -77- 



= r° + J° 



1 J- 



2r 



J° Q 2 



M N 



•••(3121) 

(3121) ^i2SB0JS«iXtf>*{;:lK$ (5 CWWii* [0211] 
|> 0 [£&77] 



(30) 



ftm¥ 11-17 6 9 0 6 



<?Q H] i<j 



53 Q Hi Q Hj J HiHj 



0Q t 
1 



j J HiBl 



1 / 1 I I 

- Q H J HlHj ' Q Ili [ EiSl 2Q Hl J Blfllj 



2 Vj " J " iUJ i 



" ^ Q Bj J BiBj Q H1 J HJH1 
1 

= f> J "* -(3122) 



N 

'"Si 



C3123) 



(3 1 2 3)*tlV\ 7K^ffiIEB#OVh'J^^^(3 0 U 
^-Cfcifc^Sfc. (3 0 5 9)*K(3 12 3)«*ftA 



"Hi 



J HiHi J lHi 



Q Hi + 



N 



(J 



Hl.j" 



1 ( 1+— 3 —Q„ 



Hi 



[0212] iKfcS^^-D^-Kf-yx-v/WAHcO* 



cr°+Q E ) 3 



[»80] 



[R8 1 ] 



e xp [ - (Cj + Q„> r] 



(3124) 



(3125) 



■(3126) 



[0213] «ff«#*tt<0ft^tt. *^BB#^(±V 
[02 14] (3 0 6 1)3*;*. *S*«cEIfeL^«?SfQB 



(3 1) 



#^B¥ 1 1 -1 7 6 9 0 6 



[0215] [R82] 

fix N-fix 



■X r (2S i -SN) 

fix N-fix ft fix K"fi* 

Bfix iB B CNooIix 5 ° C 1 Bfix l * * CNonfix 



JJ-fix 

S (J 
CNonfix 



N-fix fix 
CNonfix Bfix 

-(3131) 

(3 0 6 2)^Sr(3 1 3 1 )*t:SQW-4 t . VM>*7 [»83] 

cot*. 



OF „0K 



(3132) 



*» 1 Bfix 16 B 

l«:-?b'J 7;a^ILT, mfflfcttJWfeflw 
turns. -?MJ •y^xtfjfr&Aft^*, ±jtfMIK/g£ 

[0216] Jtsf^igfeti, «Mi5fiatf^fail*fc:fW: 

[0 2 17]-*-, 1 6GJa»<0DRAMt:ttfflS<tS 
y-bBS-fk^N AND EEPROMtfOh^/l-gHt: 

[02 18] ifiO.fcSfcfltSW*^ Si/Si Oj#ffi 

flutes i o t *-v Yv-9mmcnm.=f-v<ivx'^wm. 



■••(3133) 

ms*^ s i o^bj y-rmmcomm. mmmtm 
u ^mcoxoiz. hv-rm&t i R7;w^ 

t±, (fefcteti&J^oJt. I RX^7 wkos i 

- 0<^|*f t - ? fc BKtJWBOJKJj t £ W^'ft 

[02 1 9] mma%:coM9itLxi>. r 4"C^ 

fcSi-O-Si ^1«ft(?5«ail»W*»A><0»» L*«6r 

i-o-si, o-s i -omsnm^m-kx^ 

kizj^f). *>bjj*T t )i-ttem%'?tiM&x'. n%w& 
[0 220] zzx. *m\mt>tf?iMLte&tz^x 



(32) 



11-17 6 9 0 6 



oX&Z&^liiLtz. -e-lt", van BeestfK 
[0 2 2 2] *i"C, A. R. Rapp 

E . (Q) =E i0 hX»Q+— J U U 2 

ii-C, Xi 0 Ji«SU»tt*T*> 0 . TIB^ (165 

2) -ens*.*. 

[0225] 

Xi o= 1/2 ( I P + EA) •■■ (1652) 

o . tiess (16 6 1) x'femzti£>. 

[0226] 

Jii= I P-EA ■•• (1661) 

H 

1 R l-l i<i 



eiW. A. Goddard UUz£*>X&&ZiXX 

^^mzm^xmmftmmzfi^fz. n\mmx\± 

"Charge Equi 1 1 ibration fo 
r Molecular Dynamics Simu 
lation", J. Phys. Chem. , 95, 1 
99 1, p. 3358-3363t*l. 0 WM^> 

<0^££S i OjjRfcSUilLJfc. Rappef>^S» 

[0223]Jlf i tOfiBS"J(^m?Sft-i:SX^;^-Ei 
(Q) £, f-7-II«2»:JtttT, TIExt ( 1 

6 5 1) -ciaa-fa. 

[0224] 
[»84] 



•■•(1651) 

(Ql , -, QN ) (i. iSSijWM^WX^df-tS^ 
rac0ffl5^ffl#*x^/^-J i;i Qi Qj cOHTC'*)l>. 
I . J a \m=f- i j <0+M::* I. 7 - n y 

ffls«mrc*&. te^ ( 1 6 6 2 ) 

[0227] 
[SX85] 



JK^X^-^K^t^T-y^A'/Hi, TIB* (16 6 [0228] 
3) ■C-**.^*. [»8 6] 



■0662) 



o. ■•0663) 



icOst ( 1663) «ffT«<0*fr. XI =- = X [0229] 
N fcttA-f* fc - Tfc^ (16 7 1) t>mbtl& . f»8 7 ] 

C2-5 I 5H) 

Tim ( 1672) #*t£ft6. [»8 8] 

[0230] 

£ O tJ - V Qj Q~ <X$-X?> 
i-l 1 ' 

$ fcfc. TIEst (1 6 7 3) fcij^£«ffico*fr*#* [023 1 3 



(33) 



WmW- 1 1-1 7 6 9 0 6 



j ijtemax'h^x . &4^TtB^ ( 1 6 74) xh 

14. 4 



A"t£ fc . Q£WT£TiE5$ (16 8 1) Ki^aLi:* 



u i - "tot 
dj -Xj 



CQ=-d •■■ (1682) 

b%&. HttTC»4Cli=Qi , Cd = dfc*>-?7t#\ # 

fete, s i -o-Ha^K^wASS^. ^=5r^'5^ 

[0233] ^f»*^5 aw * 1 1 x-nm^titz 

r (t) ) fc|g£«£j^»:*?5rT-*<0--W£* 02 
4K*-r. ^t-?(4. »8tt«iiP--»/ Mill: 

[ 0 2 3 4 ] X, b I fcoWC 

{4, -f-c0 2^/Lffl>-^f-AO-W. W3-1 6 
4 904^C|H«$ixTV^. 

[02 3 5] 3 {XTCWn-teXv- $*ly-?J4. 4*111* 

^ru^x^mn^- v Mio)(i, tsuur 3& 

?SL?i3»:7t;ro-bXyiil/-^I c CDftW&OTC: 
U- * fc cofiMSS^fiET* & i t . *fc . ^ r3&7t 



••■(1673) 



[0232] 
[»90] 

•■•(1674) 



[»9 1 ] 



•••(1681) 



fcLTf?aR(4. «i3»ttffift. fETJ^f*. Ci 
j. WibO. 3ftfert { . Mtt^ffl3&7C7'o-fe.Xx 
S .x ft Si^-C&S. 08Ti±. (2 

3) . (33). (4 3) . (5 3) . (63) . (7 
3 ) . (8 3)t*S. Wi-tf. BKltf«tf>ffittS9S 

{4. (23) izimzn&bifX'h&, <65s*aE*<o* 
tKgst, cij. mzffi.immi3dt7ty"v*x^ 

Srff *V > 3 »3E?)*S* £ 5V ^iftf S - 1 
(c4-?T. 4 9«#SrF*W«BW-* . 

[0236] iJlffl3^7C7°n-feX^Sal— ^ ( 1 0) 
(IK", A^-r-:? &;?oyK/W« 
«xsi«ec^wfw*, ( 2 ) * ( 3 ) X\ frv\ i 
c?)S*Sr, 7r-f*(22)*7r'f;K32)^L 

(4, jlU-? (10) CML. ^.ftSr^O 

■C. 7u-bx$ffi£.ft2-~ y hX'$Hbt:b&W£fKffl& 
I ItcJfe&U Ht. ft14S^«IEfi^W-*L 

t$ Ojg-M t C 4: 0 . it. SrJ&fi ifimm^ 

mmm<n~<<rg$:%.&^t.i>x'%z>. 

[0237] ^t&±IBW?jlffl7°o-feX^ 5 a V-tUft 



(34) 



WW* 11-17 6 9 0 6 



pgk LTttS i&K«fta&|B?2:«?ffls i fcft-oTV^ 

-fJi-y&AfttSESfrfr (4) -c«, t 

fcn. Sfcfcx'J-'M H • JIM* • ^tW«^ ( 7 > T 
t>, 5916, s iStStt^tS^ktS^ltls inmnz+ 

[0 2 38] bZ\hX\ ms<D^<7m (8) tCO^T 
i . UStfiS .LSI jft?ltfECBT\ SHU • Jfctfe • 

XSOWUJJL--y h ( l 0 ) tcfi, sfc&WtJttJSRjWS 

(fl>^ (1130)^(1131)«PBl^>PB2f 

Srk'ti, ftfcWfSsS (1531) WD' ^bfr^tlT 

[02 39] L*>U LSI W^W+'T-ii, <#-f L tf 

^R^rfflV^tU— fe/l^iSfHSffefc^S. CD 
V&^iiZ.^-yfXnzm^X. PbTi0 3 S:«t 

(i, ^<tii/-;PbTi o 3 ^wa^^*$t)^ 

(8) OIStAO. tCSS- (84) 

fl¥«#a<»^ *LT, «ittS»*»Ul't&. d<D* 
(83) ^-rft^ofttt^ftf^T-f ;u;fStt§ix 

4. -£LT, rntXSilliia-'y bbmtkodzl 

x, im&mmfrt>ix&, 

[0240] lit, 09£#BBLT. ^frfft&JPIC: 

L. t*»4«C, SKfcXSteA*. 
[024 1 ] ■KOftffcXHTtt. PRtf- Sf*fi*»*^ 
A0)tt:&itl$, PoxkL, &tz. Zticv-ftWiZotoxb 
lXm&t&. X. mSL^-yy^iTempbt. £tz 
•rftcO-frfiJcSrotemp, rt)VTi"- tryX&tox^ tftox^f 
^KflMt-**. W=, A^/y-yyXIl ZZX 

J> I fr, m*39QKtt&&VZ J: o i . 
[ 0 2 4 2 ] tzb 08T(i, ( 2 ) COm^t ■ ff^« 



TeiptSWJjSil*. ^LX, SHfcJ&ftfW^, R«r 
fcJ&*>ftt5Ci>j£#>&;ft.&. C1<0B*. (2 1)£JBtvt, 
#fC • S»tH* t fir a . ::t'li<3 pox^ teBP#A7J 

[0243] z.tit>commti%ii. mm. m<m<o& 

itffcKk s i <n%m<nm#&. 
toAfciWSfii. £<b(3, *%Bfl#tcJ;^tf» (ttfji 

(C Pox=Pox + cypox-^, Temp=Temp+cJtemp^iOgg 
4M=-3WCt>, BMfclRWjSftJI^, BKfc«i: S i com 

-M^^'J 4^{±7r-f;i/ (22) Kfe<*> 
ypr (t) 1fi%&%tlh. 

[ o 244 ] 01 oti, ngtiaj^wfl^iaSr^L-cvi 

& *\ d i ■ClittSWfrH^Jfi t»t S t COT'* S . 
[0245] k d i-C*f6WC^Br9Wi'fc:RI 

■ri.|^i>fi : ^'rfc<. Hi ik, *»tW(-J;«'23i 

^UTIr^S. mWzhMLfzXolZ, ZZXUt-f. in 

-situt-^*>^aif+$ixs s i ozmmb. tm.fr 

mZti&S i 02ffi3J¥£Jt«-fS . BSff^ftS 

1 RX^? b/^-Tk. H«*>4>TaiSfl.6 i R*- 
-fbtttM-th* fits 0tc^t5t«Ks ^.^ 
? Wl-SriMKLTs ^fm-CV^^rt% L*>t, X 
^i? h)Vfrnmmi.Z-ftltz%ri!iiW. r )±-'<f& ■> 
& b s <^cO#^# k LT , Si 02WzWilGJ}tf** 
<ffi&LX^&Zbfr%z.t>tl&« ZixX\ 

&. -enT\ 09KIB«L/cr--^*Sr1gIEL-C, 
08<7) ( 2 ) tCATJ^ix-i-o flfcfr. hA'tttK 
L, ffSHSHCAoTV^Jft^Ji, atocorn-fe^^- 
^yxi04 4«lfi$ni>. X. KJf*^««HtiR*-' 
■CV^^ft^tJi. Igl^kLT, ^^WraSrfi* 
o . 

[0246] 08HMLT, il^T-^Oiin* s dnT" 

^ttg3. x*j±, ta^-t. m8cr,taiii,zmLx 
T-fbbx^-fztx^^&bmtx'Z&mztc-o 

[0247] -JT, *mimt><r> l AJi, JJlfr, 



(35) 
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ASrSUKLTHS. BP^. WMBS6 3-1 74 3 3 1-^ 
HiX/WKWS- 1 64 9 0 4^T-£>&„ .Hl&cOSlfg 

A. (CVD) , X-y^-y^\ 

[0 2 48] ^fWBS6 3-1 74 3 3 1 iimBPP 
3-1 64 9 04-f^-f^5 *.V- : s 3 > i>- X^r JU<7) 

mizt h t . ^cosa* ( t > t *aft«'<?o8 ( * 
t ) . w&m < t > fc^-aws/*?*^ ( ^ t ) . t 

( P ) fc-e^ff^s'^oS ( 8P ) , IKft? 
X?^1£(L) («L) . TOK- 

Xfi (D) t^Wl^S'70# (5-D) fcfcWJjfcT 

Y (C k+ j (T) , T) =B (C^ (T) ) 

ZZX'k. k + 1 {i^JT"*> 0 , BWJk + 1 «t § <m- 

*$«JgCk+l ***ft@STS>&. =&j2tf>Bfci. TIE^ 
(1072) <m,^Mzte&-$h\><nx-foh . 

[0253] 

5C/3t-(C h)1 -C h )/t ■••(1072) 

SrSBSfcftfiJU tl , t2 , -, tn+l iTJKMK* 
ii-CJi-tnffWO^fJPJ, tl , t2 , 



[0249] rn«y? A l/-^CIi, 02 5fcflrf 
^y^-f-yt^SJ^Kl (deviation) £ffir 

[0250] zcoizfttmiz^^x^mw-fz. t-r 
mmxmzmfti&m^mz^^xmm-th t , rax 

e, mm^vSe^fiE^fC^Ni; Lt, Fick^2 

TV>£. 02 6^fflV>-C^Mt*^IIM5r^-r„ 

T\ ll^cOfflBlfcEffiro-fe* (Normal pro 

cess) b~f%>* 

[0251] imffl&mrmjWt. rie^ ( o o 1 1 ) 

9 *b?-.r 

[0252] 
[IS92] 

-C1071) 

■••, tn+l Cfc^tN e wt o n&SrfflVvf ZtlhZU 

wtLxmn.&Tttt>x^&. 

[0254] <XlZ, ^S)7°n-feX (Process d 
e v i a t e d ) \,Z~O^XWftt&* Z ZX°\$t£ffiM!g. 

izymdTtfmLLfzmitz^Lx^h. ±3$«o^#fc 

tt. B$Mk+l«WfC0S#6-Ck+l «i> TIS3^ ( 1 0 
8 1 ) KJ: 

[0255] 

[IS93] 



ac k - 



<?F (C kn , (T) 



• JT 



(1081) 



d, ^, n, cmzfcftix&z. ziidim^xF' 
itt&i. tti-tcoi^Tizm-h^tm^mMLxa 

6-Ck+l ii-C'F' Sfcs^fr 

?iJB*<O-»t0 2 6t^. *HKffiR*)#iM;:fcL * 

5ni = ni ( 1 . 5/T+O. 
£tz. ^tfi«jcort««#coffl*tJ:4Sfl:i» Cltt^Sr 
flivvt*ll!r**. M(c ifrffctt^fflftfcfcJtslfcttffi 

iStcOlMAIB^ (Oxidation Enhanced 
Diffusion Effect) CO$&HzM LX 
titJtLfc. IMfcIg?fi«»IMB**St» (Line 
ar rate constant) 18dfWMW.i\S& 
JjEaEiISC (paraboric rate consta 



iicommmti. tmsmimit-ti. ^x. t-r 

ZcomzZ&Mft** 'JTiftKni fcj*LT«*«S^ 
(i. TIS^: (1 082) iZTfctXottZ,. 

[0256] 

[ISC94] 

6 0 5/kT 2 ) ST ••• (1082) 

nt) h^-itthcOX'Ztlh^Ltz, ZtahZm^X 

i o 2 5 7 ] zzx\ hzmsmKmanzmt 

(f. -5-<0 1 ocOj£it«f|B]{Ct5(tSlR^<5O«^Sr02 7 (c 
^-r. H2 7«ffittl±6cfX0l&£^U fffilttiS^^^ 

HfiUZtlXM. jE^To-feXTii, 3@«Newto 



(36) 



11-17 6 9 0 6 



n 1 o opX'M$ilX^&Zbtf£>frZ>. Z\COW%&f 

cod, <p, nm^m^xmz^Lfz&wmw 

S-CJRse U £tt<9 1 / 1 0 Wtra*T'8f/CT'V i t 

[0 2 58] 02 8, 112 9. 03O«. 2E#C9 

flMEfcjjrr. H2 8(2. IWrn-feXt LT 1 0 0 0°C 

"CftS. 02 9(2. S3Birp-fe^T*-5-C. ST=1*C 
c7)%^T*ia2 8?rt>i:fcH^L^t><OT*S. flfcfiu II 
3 0J2. 1 00 fCfl^ffit^t 

<F)X'foh* 

[0 2 5 9] Clfi.£><9l2a>£>. 03O<Dtfi=02 8<7)tt 
+02 9cOffl^§Hf^'$>l.>ItA i t)^S« 
T03 0Offl£7°n>y b LT^Sk. 03 ldScfJ; 3 

[0260] 

foh, Mtli. CMOSXS'Clii'Srt^'ttTt. 
( i ) N-we 1 1 fBtg'WM :*>-&A. (ii) P-w 
e 1 1 MtS^fMjJ-y&A. (iii)LOCOSXgcO^ 

HbCOS i 3 N t ws?-=.>y. (iv) Locosm 
( v ) n+ A jfyf±A- (iv) p+ ^5tyfiAs (vii) 
T^-^Xg&ii'^'SrS. rn-feX«DJ8£> 

mmm) zw.*)^ 

[02 6 1 ] Wimb 3-1 7433 1 ^tjiimUPP 
3-1 64904 ^T'tt. gcftcDSZmbmftcomfr&h 
Wz~o\*X-%z.x^Z>* 4\ fS#c9rt:#>£«. /3, r» 
3ocox*I£#;iT^§. WnCfcu-crnt^-! 
7^-?OtR,>ffl£C (Center) . JEHSEfitLfc 
fl£U (Uppe r ) . ^tTftK^ftLfctefcL (L 
owe r ) fc^-W. ^ix£><DJ£&£. ^HB86 3-1 
743 3 l-^tJit^rBHTS-l 64904^^ 0 

3 2iz^-tmizMmtx*-tz, 

[02 62] Il« b/3b 

ii. UU^>LL^-t*COH-S^tT$-*l«Wfs cu, u 
C, CC, LC, CLc7)5flB^ffi^t>-^* s #^.'b^L 

6 3- 1 7433 1 *fej:tfl«l¥3- 1 64904^ 



[0263] C^vX7 i ACO^gl5T*-I.Sf&xy>>> 
»«BRW*<iO-«*, 033^-T. iiTtt, HflS- 
Itlltngfc-^vttJtWLT^S. 0^ ,,J F" (2. «tfl" 

[0264] zcDtzm^mmmz. iwt- ifitt-x 

T*>6. "H" ** "f ±e^M;ajfe*^{±. 03 3 

iz^-rxoiz, mtxnizm%tffo'>fzmm-f&. z 
<m&. &&xiiimtfb°fttz^ixi'X^tcfrZi8mz 

XST-W^^riiS i 0 2 flg<?>imtfD«XK ifr&JBtf 
[026 5]itJ|l>'^(:fl Common Lis 

i st) cojag. m^commzmLx^hzt, z^z 

i'XTJ±<?>fc^i) i W>Xfamxhhtz<sbX'hZ>. 

[0266] #WBS 63-174331 ^-fti 
3-1 64 9 0 4^C^txSj.l'-y3 y^Xy-MZ 

J; 4k. #XSH#3it4IESR«It*^iRmB#«^JO 
fiMK * L T ts & , fi^ £ ft * ffl v >T -K3WWt« £ 

1 0 OWltflfiT-^iS^^S-C'^ 4 J: 5 fc«r-»fc. 
Sit. fcfcMCommon L i s p(C<fc Sttfftxy 

&%khZ.ttfbfyr,tz, 

[0267] #MBS6 3-1 74 33 1 ^t>«k^#W¥ 
3-1 64 9 0 4^-Tli. SaWfitfc^sCtt. 
tC^LTTIB^ (1111) (C7r:-tJ;otCiT-CV^|> 0 

[0268] 

[»95] 



(37) 



11-17 6 9 0 6 



9 9 

(D • ) + 

9* 9* 



(I) ) 

9 z 9 1 



9 6V s 

CDN ) 

<?x 9 x 



9z 



9V 

(DN ) 

9* 



9t 



• aiu) 



ffttttaara^m^^oteftf^-cfco, tie*! ( i 

[,_ D • F E I- D 



0E» 



WiS^ffiffttti, TfE5$ (1113) Tf^Sn*. 
[0270] 

Di = BB • eip (— BA/kT) ■••(1113) 

BBfc BA{4^#fiHjwWHKJ:&3@Bc. kl±^77y 



KE-1 + 



112) ii:**ai*s. 

[0269] 
[&96] 

•••(1112) 



^RT**. FEt4niSHtt^A'UT«Kt LT. T 
te^ ( 1 1 2 1 ) 

[027 1] 

[»97] 

■••(1121) 



±fcnttl/2«C, -C A ) + (C„ -C s ) ^ +4 [«*98] 

ni =3. 87XlO 16 xT^x eIP (-0. 605/kT) 

••• (1122) 

[0274] 

Z. = A/2 • [1. +4 0 (t + T) /A2-1] 



fcUr. 

[0272] BMfcl«j££5I*tt* *WttBMfc5aflEfe»R 

(1123). (1124) t^-tJ: d C^SLfc. 
[0 2 7 3] 

R1=PB3 ■.„ (PBl/kT) - (1123) 



R2 = PB4 • eKP (PB2/kT) 



(1124) 

iMmMtmm&s&zfybtziibXB^ B/Atie-r 

b , 7K¥^f*]COJlS x cojST , IHURff * Z o , fMWr [0276] 
Itlfct. rSrSShLT, TIEsS (1125) |C**H [R9 9] 

5n = l/4 [ (C ]) -C i ) Z +4n. S ] -1/2-8^.5^ 



(1125) 

[0275] Jni = ni • (1. 5/T+O. 60 5 
/kT2 ) ST tlX nOSEW, TI£j£ (113 1) 



2^ (1. 5/T +O. 605/fcT 2 ) 



ST 



••(1131) 



ttz. TIBsS (113 2) 4. 
[0277] 



[«100] 



(38) 



11-17 6 9 0 6 



5a ffn. n. 
— - (2 • — • 



4n, 



1) 



1.5 0.6O5 

( +■ 5) * T 

T kr 



J«ftffi»tf>524Hi. TIBst (1133), (1134) [0278] 
Ck»5*fcbS*U>. [»i o l ] 

R 1 • P B 1 



kr' 1 



-0132) 



(U33) 



RZ - P B 2 

<5R2 - 6T 

XT 2 

B = R1, A-Rl/R2llf?ffiWL TIBi^ (1 [0279] 
141), ( 1 14 2) tZjFet&dtZtci. [»102] 

B • PB I 



6B-- 



kT 



6T 



am) 



(1141) 



6 A = 



KT * 



CP32-PB 1) 5T 



(1142) 



ZLX % t+rfl>3WM4* Tie^ (1143) cOidC [0280] 

Z a +A 2, Z«(Z 0 +A> 

5(t + T)« $2 P + — (*Z e +SA) ; SB 

B B B z 

2Z.+A Z 0 Z 0 CZ 0 +A) 

= - 5Z, +—^- <5A — 7 A B 

B B B 



2Z 0 +A 
B 



Z» f A Z 0 i 

T 1 l B B* J 



[0281] *£tT*»*t*tt. SStHftitfcMfc. * 

[0282] w*>. msmi uzi^xm&zti&co 

SRfcJHvc. *«R«rtt*^H-r*ab i n i t i oft? 



»« (1143) 

[0283] X. IS*II1 2(lJ;oTffitt£ft&<7)«i:, 
£fc*fc 0 . KM I S*T^»i3«MR&#*6ftfc U 
»Wt. -ttf03R^*«RWtt*«S^*ab initio 

/Hi** J: a tcfflE*IS B H 0^^**«$:gea^* £ fc £ 



(39) 



ftfflW- 1 1 - 1 7 6 9 0 6 



[0 2 84] mz, mtfti 3iz£~>xmmztiz>co 
it si ^mm-m^esitiz, vammM i sm? 
&&&thi,zhtz o . km i sm^cD?- bmwmitm 

wm^^mzm^x, *com>ietgm&$:i8Mth a 

b i n i t i o^m^s^lifttS-f v^fHiWRi: L 
X g ix *;^*]R 0 ±(f\ £ <0 @ *x*;^ 

<fM»£RS^S£fc*^fc****S&*S!S i M I 

[0 2 8 5] JEfc, »*IB1 4tJ:o-C««SfL4<0 
(i. S i^#=#*SftS«±(C «#$iSMM I SSHP 
SrffM-f 9. KM I S^eoy-hifcfeiBHtffiS 

famzistiJkizte^x , zco&nnmifftz^ffit&a 
b i n i t i oft^mjj^mmzm-f^tzmmm&t l 

*5!)*SS i M I S^fmU<VW&ft&X'i>&. 

[0286] mz, mmi 5iz£->x#&ztiia 
i±. s i*mft%-&mM±iz, mm>m.M i s*^ 
t^-tstft^o, ism i smTny-hmmitm 
zmtakbi. ifri>. m^mftmmtmm&t&mm 

#%&iStsMzt§\'>X, %<?>Jk?>*tM&$&Zi3%f& a 
b i n i t i o^»^^i»t:*r ^^fHBRBftt t 
T^£tt«S&x*;Hf£SX9-hH\ I^SAx^ 

SrafWWarEattS bbhiz, WfcflBfWfcx^/i^fO 

aog^fBii«3 wi«ft*x *o*»fl«i»*{Wftz> 
gg*xfii«jg£ o.oi %iaTt«j^./s i t s-^st-t 

&«*S6lftS!S i M I S^^it0>«jftfrffiT**. 
[0287] &.TtzZtit><?>&Mtt.^M.%t>X/lz, 

[0288] %.m$Mtmfomt ix. m*. 

Witf (100) It Lfc. £<o*«HU:W£tf&IWt 
( 1 0 0 ) mt £ fc'tf>J; a &*&JWMHffifcKat*-*itf 

7t„ L*»t>, -co^i: LTH S i/PZT#ffl£lX9 

$m£Z : fWEl&VX}$£. ZflZm^&ZblzX*). 
WtntkftTXCVP ZTt fC^nrx^K h t , S i 
(10 0) COQSMi&lt&T'OmiZ-f k<F>tfE!8Vhh 
ZbZ^^iiiltz. BP*>, ^o/X*^f hC0C4vfitjt 
a lttfc a 2ttO£-f Si (10 



0 ) ffi±.(D [110] K^ri^t-^*)*, aocfSSrll 
«\ mi S i i^3S ifiB^S i (100)ffi±<0S 

1 C-gcS Z b tf&MmX'b iZbi^&Lti. 

ttzzco&f. pzt+(w{±o. o i xatmrn^xm* 
immmxfc&zb tmrnz^ttz, zamtf&LLiz 

[0 28 9] m3 4izn^xmwizmm-tz>. 034a 
<?>±jwt\&. s i acom-wf-co^mm^ lxh 0 , 

T^(iPZTI»xy7fT"S)l>. ttz. 03 4c 
(i, [ 1 1 0] S i^frtttLT. ^n/X^-j |-£*S 

£ iz iea $ ■& mm t & ^ t Jt« t r v \* . 

[110] Si CffftiJItli. ^n^#>f bco 
#<i>»trtlLt ifLtf s ^o^*-( b fc S i £*£ 

/<, ^i*;^i!>(:l 0%fl£T-T'SC:fcS:tl.v»ai 
Lfc. ;mirsc, H^^wf'JfflSr*^. pzt 

[0290] i i-CftflH-4*1Sx*;^<0|B]H{iWT 

ff)%-mmm, ftmsmnrnw*. mw&.^i&T^z^ 
ifih . 4fc«*c=t5v t, . mcoxmtx 

[029 1 ] *milz£^Xft1ttLtz. MI SWttt^ 
mizmmxZ&hcvblX, CVftSrfflo^. *fWB 

ft 1 / 1 0 i^ffiT LT d fc & . * ttfkWlz 
J: SMI S*W»»«t»IPI-«#«SlT"CfF«"f 4 1 

[0292] *^Wi4-4T-t'^V^SfLV^W^S: 

%^Mz^fz^m.*%MznL<wmtz>. 03 5 

***f6HH#tf*»fts«U!t. ^<*rLV^K*ab init 
i o fjt=myv¥ ySal/-^ <7iW/amX'fo h o 03 6 
<7)±^ii, ab i n i t i o<0«#T, T¥Wi^f 

nmfflttiaWtc&^frt^tz. 03 7*i. *WMi 

m>xmm^mm^-rz b vx-ztz . ^07"^ 

/JsSv^ti, Pb$r^LTvM>„ ^dtZWHi^n/x 
?M hc?)i:V)Hi: S i Wfc"cOB* J i^<lS-&-f hMi. Z 



(40) 



ftfflW- 1 1-1 7 6 9 0 6 



[0 2 9 3] ttz. ±Mcr>^mf}^^AU- ?CO*it 

gtf-x-vfttx, wnkmizmsi. ftft^-fcomt 

iZW&frt>. 0-Si-0^i-0-Si<7\ O-ydfy^r-F^X 

^mm&Sihtz. ztitrnmrntzst^tztzz, % 

ft-ffU 440cm- 1 1 1100cm- 1 CfcfU 490cm- 1 at/ 

niicm- 1 T-fc o . %m%&wx'fo&, tfzEJizma 
Ltzms, o-si-o^e- vco&sgtfmjz-t h z t hmmm 

t ft < — & t T ^ § d t -> . 

■otz, 

[0295] tm^^tzwm^^xm^mL^ 

tX&&. stMX'lZS ilSW:, ^S^ft^iC+M-"? 1 

[0296] ^tx'izz^^mx-. {mmi%* 
mk^mx'M, mm&izxtt. ftt^x*;^*! 

[0297] ^WmiZZ. h t » WT» i ? tK^TS 
[0298] ElTt> *^#^sScU^. v 5 a 

-oral, o-ofai. si-si^«3aa»ii<f^yt 



OH, S i - S i StfOtotaKO^y^-V/Ui^ii-t 
[0299] ^IgtieSttStCiTt O^Bg^fe^'fflV^ 

[0300] *56i8*feti, *s«iwu mwvmmz 

iU>«iOab i n i t i o^Sj^J 
h Z -e . *T t v «M«irK(c4c ■? fciRT* 4 . BlTfc* 
[030 1 ] ii-CttSiOjfcWfclR-jTV****, ffi 

[0302] im^mmifiw&LizmL^i^—? 
(teMte&zms&te&t. ft?mfi*mft (md> t 

^JgtfLWtSt (DFT) i fc-^ffcLfdSr U tl£ I- 

rz. &^ifW%m^z£hftTm^mt®ffihMW<k 

fcc7)ffiV^(t$-03 9S:fflV^*^OTt*^. 
[0 3 0 3 3 H3 6^-t#lw, (MD)» 

(DFT) ULhWSAftrv^. ^U^^ti^K 
^fyy+/^ffl^*. ffi*> (DFT) 

tis 'bZKmvy^ftmz&ft&wzmozbizLtz. 
zix. %?&DFTco&Mmm±mKbLtz. 

(KS^Si^) ^J5f?S«mraRS:flf 

[0 304 ] #«BH#3 f fcJ:S5'$*^-*^fW3« 
*ft«B«cSii:0*«fWct'3»iliU , C»4. DFTgtJ 

TB 



<„ RTtflli («»B8»*-«fSfr©«e.-f I-) «^»SEn(ir)cDi«.MttE[n(r) 

J«C*t. l ^ 104] 
[ 0 3 0 5 ] BP*> 

«Di(r>W<r>TZ<rM (2n(r)n(r' )) /(I r-r' I )drdr' 



+ T s [n(r)]+E x0 [n(ir)] 



(2061) 



[^2] 



(4 1 ) 
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0, [381 05] 

kt^s. m4m&amwz*f\s*?-x\ torn* Tm&mrm 

«J5r«f«ie«K; J: h . tt [SI 06] 

[fl-3] 



[fl-4 ] 

iKSnto »E«*li5C CR061) CI[n(r)]O«Ot0ifcV^t»iKS 
#fl5*;(Kohn-Sham equation) [3S1 0 7 ] 



[ V 2 + V eff (r)](Kir)-E<Kir) 



(2064) 



V rff (r)-V z (r)+/2n{r')/(l r-r' I >dr' + 6 E x(; [n(r)]/«n(r) 

- (2065) 



[*5] 



tWl^t, Hj2IEO^?V'*frf)NI8fflt5. JC C2 0 6 5) 1= n(r)#A 
n(rk 

£g£asJI«(self-consistant) {zmfrWttl^J: [0 3 06] 

;^'-e xc (n)(C«^^n^}fHfr«^t-C, [Rl 08] 

E ic t»(r)] = /^ xc (n(r))n(r)d - « 066) 

fcUt. e xc (n)«*{±Wignerffic7)^i:\ V^V^^ [^7] 

f*38*^ Ktfft^tf It^S WicBn 5$(2065)«>V2(r)iLT8 
c9?-n>-*£*tf)**tt3 . «Wfi«-C<^f [0307] £x*/HF-fc Lt> *«W#«4IWfS: 

^«£fc£;tl>i<b# { T'££, [»1 0 9 ] 

E = S /* 1 *(r)(-r 2 ># i (r)d + UOKr). «,>.(« (ml) 
i-1 

[5*8] 

::T{Ri}iHtvo«0Si> \a rmntfa&Jtt&f* or* 

e ,S( 2 0 7 1 ) *fe*itt»l*liDFT W9] 

^(2065) 

aS©Ts[n(r)]-?*?K (2 0 6 5) *3 (2 0 7 1) ©UcDl* 

f F TO^h PliC 1 MM W10] 

(206 5) **feVeff 

££r*U^*#fcA*lfc. EWfy^'X* [»110] 



(42) 



mffl¥ 1 1-17 6 9 0 6 



i-i 



1-1 2 1 1 i-1 2 



[ftl 1 2 ] 



L = K-E •■•(2073) 
S (2073) QOM^iX^Mgl? (4*>) COMA 

Sr3*Al/C, Li: 

I A.. [/#*<r.t)* k (r.Od -* lk ] 
i.k 

£Mz.tzi>cr>0mft£tZ>. <£<7>*SIR [ftl 1 3 ] 

ff^jCr.t) ■- tiEM*,*(r.t)) + I A ik <f k (r , t) 

Ml R,= -V„E 



- (2072) 

mi 1 1 ] 

- (2074) 



(20(5) 



(<5 E/fi a) 



(2076) 
(2077) 
(2078) 



( 2 0 7 3 ) ^^I*;l^-WffigT#*tJfc-f & . 
SJSSrJt-? T V *S <7)1£fr$> N £ 1/2MJ R : 2 h <OH3#T'V ^ 
>Hz£ ->X ui v %m\ Ltz *)tm tfc *)X'Z h . 

[V2 -Y e{{ (r)]* 1 (r)-I S (* k (ir) 



[ 0 3 0 8 ] ffcttf . U Mjt LXmm'hT-^Ob 

mi'&h. z.<rm^. ( 2 0 7 6 ) ^ffiS^'OtC&O. £ 
)a«i:5$ (207 1) k •f-crRO&SfcJ; 0 

mi i4] 

- (2079) 



ISHfcSixTKS^rgsS (20 64) Sr#S. ^DDF 
T-CKS^-g5tSrS^^i:Rt*S*€:siinulated anne 

aling t»fcifcfc:*ft. fcrtfU iaSETwttliitt^S 
cote, tyf-*^nft{cJ:^-r, <&^&:*j^<9jl» 

SrjIL'^'CI' dynamical siraulatedanneal ing(DS 
[0309] 5$ (2076) cO»^Sr-ri.B#. Lfc 
•CHBHLfcHMffiR <o* 9 7-iJiflSR) SrlSftt t 

* ^(r.t)- [V2-V eff <r)]# Bk (r)+i nk # ak (r,t) 



Tffi 3 i t i) { X% h . - W5Sll#ft^lft£ tf^fc^ 
^S'Srlr^AfcJis DFT«*^-i:|B|«itc«!Kx>-v' J p 

[03 10] <£ nk fi 
[ftl 1 5] 



0. x^;l/df-^fiET-*5„ 0„ k (n t)£H0HLT 



[ftl 1 6] 



(2081) 



(2082) 



Will 

IfcSft*^) t»f>y+;l-V eff iIPIU [ftl 17] 

V eff (ir,t)-E V G (t)exp[iG • ir] - (2083) 



5$ (2075) fcift (2076) £5$ (2074) fcft [ftl 18] 

ALT 



(43) 



nffl^l 1-176906 



*<J:C nJ(|G (Oexp[i(k + G)r] 



EMk + G I ^A^K^gCOexptKk + Oir] 



mi 2] 



G'G' 



+ r) ] 



(2084) 



fiia»««0«-CIG =IG' +IG' " £fc< t£exp[i(k + G) SEra^ii;: 



" C d, l4G (t) " C" 1 k + G I h 1 nl ] C n, I*G (t) - S V G-G' (t) ^ n. X IG Ct) 

— [Ik + G I'lV^o-a^jc^t) 



1/2 



ft) = {( I k + G I 2 +V fl (t)-i nk )/^) 
*J6*U it (2 0 8 5) ©SaisSaicttte-*- <t 

C », l+G (t+ * ° = 2cos ( w A *> C d. I+G (t> - C n. ItG (t " A rt 

-2U-co.(«»At)] {>: G , . G v G _ G , (t)c n I+G (t)} 



(2085) 



(2086) 



(208Y) 



[0311] 9 -•ay-tf'fy is^Mi. aTcoMlzft 

v <«.-)- v ( t -ir 2 * /3L3 '* Vi' 



fiasftrt-ci: o , z i , stis i m i e^wwukffin-c 

N N 

<6- 2 I' 2 Z.Z./(I + <r.-r.|) 



[03 12] 
[»1 20] 

2 

- (2091) 

ftfttfv^t&v.. *sj&*fjt»f*. i<oi5^rtta!*w 

[0313] ?-ny • ^fV^^iVi 
[»121] 



(2092) 



[*H 3 ] 

"[0314] tl (rt)V91fe&<7ii8&) -<»frt>+<x>lZhtzhW®X'fo 

[Id 22] £' (0 ' l±n=ocOB#CDj=i£R&< i fc£EBH"6t 

Jn x Z x +n y Z y +n z Z z (2093) 0) 

fcfiSfU.. ££fc, n x , n y , n^filftlx, [ 0 3 1 5 ] ££-e*U*FBR*#AL"t. 



(44) 



#BH¥ 1 1 -1 7 6 9 0 6 



[»1 23] 



K Cr) >: Z ,exp[- | n + r.-rl 2 t 2 ]dt /G(n-,t)dt 

0 5=1 n J J 0 



(2094) 



W14] 
[03 16] 



G<r.t)-2jr/(L+L_ + LJ £ Zexp[-* 2 | I 2 l2*i (r-irj] 

'» (2095) 



=« X (1/L X . 0. 0) h« (0. 1/L y . 0) + 1 2 (0. 0, 1/L z ) 



(2096) 



t*6o = 



exp[-]=l *fir>£. ZZ^O -CfcO, HKft*Sflrt©«t<jr<^OT?*ntf> ra-in 



mi 25] 



Wl 6] 
[»1 26] 



G(ir.t)=27r/(L +L +L ) £ £ ' Z./t 3 exp[-r Z | I 2 +2«r - (r-tr.)] 

- (2097) 



X N 

FC )-/ 2*/<L +L+L ) 2 E'Z./t 3 exp [-^ 2 f l 2 +2*. (r-or.)] 
0 y j=l « J J 



/ 2/V~* £ I'Z^expO I rir,-r I t 2 ]dt 



I j-1 ■ J 



(2101) 



/ l/t 3 wp[-a 2 /t 2 ]dt = l/2a 2 exp[-a 2 A 2 ] 



(2102) 



/ 1/V ffexp[-b 2 t 2 ]dt=l/berfc(kb) 



(2103) 



[0 3 17] ^tUCJ:9> t^^o^ryy^^ [*127] 



(4 5) 
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II 

O-1/a.+l. + L > S E'Z./I | 2 exp[-* 2 | I 2 /* 2 ]cost2* <r-r.)] 
i"l * 3 



+1/2 X E'Z.Z,/ | +r .-r I erlcU I lr.-r I) 
J-I 1 J 3 



+1/2 E Zj li* <Z A / I r r ir I erfcU I or 1 r I) Zj/ I tr r [r I J 



(2104) 



W17] 
[»1 28] 



1/2 Z Z, HnZ./s (2//*V"e*P< t z )dt-l) 

1/2 I Z 2 li« (2/V* «exp(-/c 2 s 2 )) "*AT;rI Z 2 
3=1 1 8^0 i = l 

- (2105) 

Ztlii *4*£ft^frt>Jllzii9m&\ SfeKJX^ [0318] 
i^KSBI«r*6. [»129] 

I 2 Z,Z.cos[2ff r(r r r,)] 
i j 1 3 1 J 

H R N N 

= 1 Z.cos[2* r ,] I Z 4 cos[2>r bt ,] + ! Z. isin[2 jt r ,] E Z.sin[2*r] 
i=l 1 1 J-I 3 3 i-1 1 1 j-1 } 3 

N 



= (2 Z iC os[2ffm.]) 2 + C>J Z.sin[2ir m.]) 2 
i=l 1 i-1 



(2106) 



1/(L ¥ +L+L) S E'Zj/l | 2 exv[-7r 2 l l 2 /ic 2 ] 

x y 2 j 1 » 

N N 

(2 Z,cos[23r irJ) 2 + (2 Z.si&[2* rj) 2 

i 1 1 1 i=l 1 1 



(2111) 



4>&~C0M5k&£bto'C. ?-ny • ^fy^Wl [»130] 
ISA. 



(46) 



WBHT 1 1-1 7 6 9 0 6 



<p«i/2 £ s' iz.z./ 



i=l j=l 



(2112) 



1/2 E E' >:Z.Z,/ I tr r r I erfcU I tir ,-ir . I ) 
i-1 J-l 3 1 J J 1 



(2119) 



J 2exp[-* 2 I | 2 /« 2 ] 



(2114) 
- (2115) 



2*/<3L +L +L ) IlLr, 
x y z A-1 i i 



(2116) 



WIS] 



CtC inli x m=n (L . 0, 0)4n (Q. L . 0)+n (0, 0, L JT* ^ > irott^ im-i (1 



/L x ,0,0)+m y (0,l/L y ,0)+m 2 (0,0,1/LJT*** 

X'lfrmmtZc^CDlZttLX . O ( 1 ) Tl42C0E**er 
fcOgH^ioT. O (2) -CtiE^^expOH^t- 
J;oT, S5St*«^*C:i:T*6o O (3) T'COjSS 

B(0,*)- -sin* co60 
0 0 



[0319] *W«H9^*Ufcia«^tH4 0 & 

fcB# . «H±IEIzgH#:c01I^^{aKt-4ffil<OSS*H^ 

fii!:(x,y t z)Jiitit(:ll Itffifcm*^ 
? WHO 0 r )izMLX, t-rymtto*)0<n\8fc. o 

[0320] -e^0EH6tf?iJ{i. 

mi 3 1 ] 

cos0 sine 0 



0 

-sin ^ 



1 0 
0 costf 



cos <f> cos © sin # cos 0 sin 0 
-sin £ cos 0 cos0 -sin 4> sin 6 
-sin 9 0 cos0 



28 * , 0) . (109 * 28 * , 0+120° ) , (109° 28 * , 0+240 

* )tmii&» Sot, ztit><7)(x, y ,z)mmi. a 



' - (2117) 

( 2 0 6 1 ) X\ cos #=-1/3, sin<9=2v r (2)/3. * LT 
<££^;fx-?fl0s 0+120° , 0+240° fcLfcfctf>£. t 
(O.O.rJfcfWflStfT. 

[ftl 32] 
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2V*(2>/3cos 1 
-2^(2)/3«io 
-1/3 



2V~ (2)/3eos( 0+120) 
-2/(2)/3sin(#+120) 
-1/3 



2V(2)/3cos(*mO) 
-2/ (2)/3ein(*+240) 
-1/3 

■■• (2121) 



■5 fc#tf> . 4fflcOKfSJS-f« (x , y , z) , 
[»1 33] 



(0, 0) 



2 V C2)/3cos(<f) 

0) -2V(2)/3sin(*) 
-1/3 



(2122) 



rR (if , 0) 



2V(2)/3cos((* 1120) 
-2V(2)/3sIa((S 1120) 
-1/3 



rR(«, 0) 



5^^a,b,c-C^-f. 04 OkSS^-tSk, 2a«J 

[0 3 2 1 ] 

I ( 0, 0, 0) 

II ( a, b, c) 
IIl(a-b,a+b, 2c) 

IV ( -b, a, 3c) 

V ( 0, 0, 4c) 

o±9, (x,y)mizJEfim-TZ>t. I . II, HI, IVT'jE 

zJ^S^'4c^xT, SJllSW>JU:fc*>*>. *S iil^ 
fcKi-*4ffl<Oifc*irF*>Killi. S i JK* 

coi a & S i ^^ijj**JngSftS . W, 1 S i jR^ffl 
ffl<mffl«It*ffl^(x,y,z)ffiMi^ (206 1) fc* 
wiiffiitf J:<, »2. 13, IS4S iW&rMWn 

Mf«o(x,y,z)int $ i m^&cmmm^z 

R(0. 90° )cOHH6 fc( a, b, c)»ffffl 
R (0.180° )(?)|IHS k(a-b,a+b, 2c)CDWr#») 
R (0, 270° ) 001k fc(-b. a, 3c)c7)^f^» 

[0 3 2 2] ^<T>mz^ I IIlfcIII2, II IIIlfcIV2, I 
II IVli:V2com*^n-?'Wsl-i7)SS*II^t'S>l.* i; . 21 

I lb II4ti, «t*|6j{C 1 fflJd*2a^f»-miTV^ 

So 

[0323] icoaHcW^T $ fc±T, $ ^K^RTo 



2-/"(2)/3cos((*+240) " 
-2V" (2)/3sinC«+210) 
-1/3 



Hr x & # * T k'?)i«<Di«« * x-im s ft 6 *Hco 

^TH^fe. BP^, 4-, fflifcf 3 2 0 OICOS i fc 3 2 
0 OfflWT i fcfflSU Ztltzomfrt* 1 0 OI«Sf 

=f-<n{mmt^, ikcom^mh^Hz^x^tz. i-r, 
fats 1 ? &ifT i (vmwmm tpz rmmm^-tco 

^tim^&ttytifrtziffiLZ'ZliXisiO . b#>i , 
21 12 , PZTCIi^ >«£ftjhif<ft> 

mmtcxmi^ i^ct^tiKf^i/t /i^-fktias&i- 

£ "C, piffl^H!^ t 22 h , 0 . 0 1 %l2TFT'£>ftfci3E 
#JMMWIIJi*{WR«* § ft^2: b ***** 21 k 

[0324] *I6B^(CJ; S^mW^lS^^ 

zo, PZTcoiS^U^T<?)«jSJl!ai^, flBtfcWB 

K^^HHtTfflv^TV^JWRflBSk LTii, (DP 
TO^iit, 8X, T i #*ft^ftig*flfc{£fi{e: 

oPTo^tiiit, o.3A-rn 

fcto, (3)fiie(2)l=i83RX*5r, ciKfofcjWM: 
lfflAftfct>«0 (037) , (4)fffe(2)tK*^aS:, 
a«£*r>fc»#fc:l«Wlrt:<><0 (043) , OP 

To<7)T&zrizwzmz.tzi><7>mx'bz. wc, o 
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ffLtz. mm^Pbcom^a. pto^pzo^t-ii& 

[03 25] ifclWiPbTi O 3 §|<0Jf l^'s/l/ 
Tcoftateovvci-fjjVt. gi-s3R9£*fc5*+fc*& 
*\ K*fc:Pbffit£^j£;<p^fc-£fc*£ (04 
4. H4 5 ) *K lBR5C«l**U^*&^t:-5^'r , R 

h ttW^tz . El 4 4 fi P b T i 0 3 <7)%.®M<n%£X . 

04 5li J W4'3#fiUB'C*S**» Ti-R**S£*>»#£ 

T * fc . (i ) £#fc#Wc4 * >Hr^*»*^ v >; t • 
ttz, ( i i ) v mmizfta ¥±W>ftco9Mtf 

. * fc ( i i i ) z. <n % * x'ixmftmmmjx' g ^ 

[03 26] $ <3 tfiBRJf , 2 5°C-C'»JSSL*^V^i: L 

*/l^£0£5&$rrc<Oj£SfC4vl;:il6 -I t t>vfrfr~?tz . $ 
f>tc*#<, !BR(4{tt0.3A-f<bLJti:i^t:t,, 9 

iinot S&fc^fc&Ooo*!). i^jaO^ji^B^ 

^ 5 . < 1 1 no* 0 , 1 oli*tt 

±*ftcottSt*«»t>^. to loli^Tf^filt" 
*&rfc£*t0tf>T#a»ort:. 
[03 27] ^-fficOigiUti:. ^J?rW£^f*<Z> r 4"f±J 

h «J tf-tcSr 0 r> h Z t WhfrZ . BP^, 
(1)#3 ffiS^IS^ {C^^m«^f^l4^« LX^i 

[0328] (2)mmmmi,th^mmzm.^x . o&ik 

TiWPblt -eil-e'^l (1s2,2s2,2p4), (Is2,2s2,2 
p6. 3s2, 3p6, 3d2) , (ls2, 2s2, 2p6, 3s2, 3p6 ,3dl0, 4s2 , 4p6. 
4dl0. 4fl4. 5s2, 5p6, 5dl0, 6s2,6p2) T* S . -1 ilSrRB* 
UT . ¥Hz P b 0©ft#fli«i*#*£ *>WW>1 . 



[0329] 3)&<A&2:. fcOfrtt, TicO*^ 
[0330] rixS-ftPitrS^, F, CI, Br, I 

[033 UM2 ±.<7>mX'iZ, S i ■ PZTKOWC 

abtcw. %>$&%mmi¥mtLx. xwwgM 

2 o,m, K-ft-feU^ACeOj , f^yixhnyf7 

5-r>AAl 2 0 3 , i^n^^^ZrOi , 
•yhU^AY 2 0 3 , >f "/h'J^^^ft^a-^AY 
SZ, Pr0 2 , »«^WCaF2 ^rif, fcJ: 

tJV fcJCffl-T 6 - 1 ii^"C'* & . 
[0332] *Jt, «ffiTT'<7)SEfex^;^^/jN$<-r 

hz t ***«rc* o , s<ox^w=¥Afttc* a-rfuf, 
[0333] j: laKmafc^i^ bwn 

@4 7ti, V—t-fVVCOmi&X'hb., ZCDjj 
&cr)®mz^^xm a M-t&. T(i, iSffib^y*. Co 
t4Itt»BIffi«*> CRO(i»fiEiS^^nX3-7"t"* 
■6 . Co£ , ar»«f"H#PK0S* <k o - < 
k, T(7)2^*E(i^i:"iiet4^*^^* i '. ffi^ 

JtWI.. CRO<Offl{««0«<X{±, CocOSffl^- 

laj^WE**-^**, :iHi. DS/Co(;fH\ BP 
*>, CROCO|2^(±, D-EftH5r^U, i^ttl<0#fL*> 

ga»^^E = 0^l-ttL^tSWDkLT^' ; >^, @ 
^ffiPsJi, Ps=Ds"C***. tM*W^V^m* 

ifeeo*4«-^P, 3SK*#lit^7 i ^^*t>o. 04 
8 ICf^mtC^i D — E Bt^SrSI^'C"* U , Jt«»fc#> 
^*«0PZT^mSrKIS"C^L^. iiX*»A>^*»l> 

[0334] i dT-m^-rs t z m%%wmtm 

mtmm-ti>^Mz%^.-ftT^^zJ:^^)^i: 

epi)mx&mzi£ot-t&i>cox't>&. L*>t, 

itz, z^m^tv-^i^-t^zbit, &m®&<?) 
mmztcz, jpfico^wi-^ , ft«tt<?)W±to**« 

4. i<ofl|Jt**5MBt:J:fi.tfs frbv^ab initi 
o/^iftTJ^v S a. iZk-oX^f- ffith fc cot"* 
&. Bfa^fHiRBR^fSttUfca b initi o/4HF 
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mmco±^/vmzms ttzm^tx^^^K 

[03 35] 12JLL 2 ^7C»«!)tt$rftIft L 
fc. 3^7cW!t*)tt^ftS:^co-W;ov^(i;, 08 k 

[ 0 3 3 6 ] X. IWKWtt^«W3&»4f««fctTff*) 

li, (13) -WB#, m 

HPg»IIJ&&^t4, 5*-***, BMH 

Sft&kkiOK:. 7r4il (4, 3) A^<0f-?fi 

#Jtl£tttt&5£g|5 i vfc*s*tJt ■ ttfe ■ t&Hr^n -y 

[0 3 37] 134 9(4, *^(Cffiffl$tlS^7X^^t 
7— /HCtJWt, i n-s i t u^—fMBMUtfW 
£olzlXttmZftX^&frZ*-tm%MXfc&, 04 
9^-tXoiz, Miff, A:fc#*«lJft# 

vy-yt.ftoymxhh* *wmh\±. ztit>mt>titz 

[0338)15111 Jabinitio 

--■mtLX<r)i§jS.^- J ryx^^,'fh<r>X'hh. tfzm 

5 2i4, ««ab i n i t i o^fflfcUfyS 
[0 3 3 9] 05 3d *^BJ(cJ;Sab initio 

i *i«a$njts>t , 6 o o°cja^ftiaT*r--/i^$ 

[0340] *%B^cOab i n i t i oiB^iWl 

il-y 3 ^XxAti. S i SO^&^-f , SHfc 
JKfcttLTiJSffl-t4.ri:0 t 'C&4. 054i4. 
#$ftHJJfcJ;6ab i n i t i oW»?y5iV-y 

a yyXfAWS i 0 2 fc-o^TcO^TflBJ&Tjrf. 
Tt4, S i OjfcfcttSS i - O- S iA*^^^* 



ttfcft, ZtliWtt&ZkizX*). FT-IRWX 
[034 1 ] 05 5(4, $§t^Lfca5 KOA^-T- 

zm^tzmTis^x-nrnfiMZTFt. 055*^, ^ 

3B k'fc 0 Hfi^ ftT v Z b ¥bfr& . 
[0342] 05 6*>£>06 9{4, 05 l^A^JT-^ 

b iaatSE-fks #t t k *>fc t <ot* * . 

[0343] 01 C^L^v-X-rATIi:. S^Hfttt^ 
7 M I I «r«*U ro-fe^S6il»aii- v b I fiSfl 
[0 344] J2Lh<OJ:3(C, *»HJ(= J: . t\-Y*? 

x.T*?sm&zv&Mzim tx xmizimt 5 z t * { ^r 

ySal/-?TOPAZtll 09 8^^"t <fc ^ ^ 
t U fi:^ 2 4 WW b X\ Hff «rBUi»^ia k * § . £ 
fUcttl/t, tM7"n-kXyS jlP— ^SUPREM 
4t1i, ttWtt^Sr^JtLTV^ODT, ^^'^(42 0 0 

ttC^ift^J^ab - i n i t i off-JS^^rS k , ^ 

[034 5] ^WJ: 3 ^rttSiTH ^tt^J^a b - 
i n i t i o>y-/PS:7;K;fflV^T. S^^i&^iftc 7 ) 

[0346] S£*-Ct . ifBt^T^^tt* *iDifet 

^* s 5fetcfBL?t^ (1 2 2 3) W^-TS. -lixli-TT" 
iZjabtlX^&Ca r-Parrinell o^tCffiS 

■ts t <r>X'h h. Z<r>1i&&&— ja«jEtft^*CS * k 5 

x-A-ayti-^tk ioc7)*^«otts:f t II 

1 0 1 PUft^Sr Ltu^tll i'JJK, IWBIT 
«f^B»T'y-/i'k{i'5r l 9t#=5:v^ 

c o 3 4 7 ] x. Tzuzximzmmzmmzit&iz 
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[0 348] Hi 3 HZ%C0&0%7'U-tXi'$. a.V~ 
9<rmmX'fo*), ayt'3.-?l, A-Kf-(x;g 

coa^¥S. ^-?7^ry:x?9&fc" coffins, a 

7/CD— ROM 1 1^7D7K-fa^ 1 33??)*f-gB 
[0349] fiSKtt^glS Wi, f^^»71^S 

or, 7*-by>^cwmmcommm%iz>zmtiz£ or 

[03 50] ;^TiTt>nS««lt±, -fCCR^LJtfc 

TJ±tcn>4 y^-7x^fx(iM?W. o^O, 01 

; v £ X' # Jg L & ^ v 9 o « 5: tt W £ It 3S £ tf =5r a 7* o -fe 
x^iftSffij-n -/ 1- 1 &t>*7 r 4 ^ 2 ZlttuV—Tiztt 

[ 0 3 5 l ] X, KOtt^yXf Ati, 0 1 <0Hf8tW& 

Lxmmt&ztiftiwx'bb. mz. zmxo* 

It' \ / S» c- c" 

N " £2 s5 n» 

"yz 1 0 0 0 

\a I \ C , C , C . 



Nmztix^&7v-tAmw.comw^&2 3^m^ 
ti. vTiVfjJxX'yv-bxfflVHzm&ztiz. 

[ 0 3 5 2 ] X, Btfl^xDlM H^WXg^ejC^JtC 

t , xfmmtmmm? <?>®.n at 3 wjttf&®x*> 

hb\^Zb* 1 %M.L. *^3»5cySiW-y3 

[03 53] ^WyUWyaVtli- SHfctcl 
TtteSSttwLTt, *S«Wti*t±, FickWfetitffiiiJtc: 
»JB-f 6. x - yffl£»3 2&7c|3]fi-m, »3«rC*l> 

biWfrntz. Ztili, SJ-fbtBSfe-f, jy'JlMf-v 
[0354] ap*>, i>jt//c*^$fcw*>ix 

TV^TSUPEM4«02 &TCT*<7)J£>7lf+ffl;3\ JE73 2r 

[0355] 
[&134] 

<7xx + c7yy = ,u/(0.5- u) ■ (<?vx 5 x + <9 vy/ 5 y ) 
crxx-oyy= 2//- ( 5vx dx-dvy/dy) 
axy= 2m • ( <5vy dx+dvx/dy) 
ZtiX-ftfr&Zkte. 2^7uW : 5r#«^xyffltfOBX0a 

[0356] *frffeBJ#{i , ®c« 3 ^TtJtttV h U •/ 9 
[U1353 




(plane strain) OWfcZ^tXfrh . HD*>, 
(ex=^0, ey*0, ez=0, eyz=0 N ezx=0. exy=^ 

0) O^KOWt . ±ie^(=ftA-tstoz^* ? s# 

^CO* 5 ^*^. ^*)^>, c?z=Cxz' ex + Cxz • ey 

+ Czi • exy„ ttzazcomi. & VXW&M.X'ii%^ 
Zki>%% ±#>ti .ft->t, 3 ftTCti^-C* 0 s ±IB 
TSUPEM4tli. 2 i^7Ct' t> a z<nW^ 



3 WW z &ft t ffiT < § Z k tfW t> -o tz . 
[ 0 3 5 7 ] JXIC, ±IE**3G»L. HHW)#BPTe>H! 

[0358] 
[»136] 
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:i2 



:i2 rn 

'12 „12 



:i2 

;i2 



44 



44 



44/ 



f'S>0-Cll=l 7 2±1 5G P a, C22=6 6±6G 
Pa, C44=-8 2 ±9GPaTJ)!>, > ZtiX'ftfr&Z 
b\mLX^-<nxj]7-m.X'\&£^^tX'foh« Ztl 

'JnyMiOlffi (110) CoV^fftSt. WTW 

(013 2 (B) #B3) . 
[03 59] 
[Rl 37] 

190 37 65 0 0 0 

37 190 65 0 0 0 

65 65168 0 0 0 

0 0 0 5 0 0 0 

0 0 0 0 8 0 0 

0 0 0 0 0 8 0 

ZtlX' Z b 14. z j£#<t)1?Jj-A*S hisbXJzZ 

twtfr&. *fcs overawe** din 

fflitcov^-CtiWTfioat^S (013 2 (B) # 

SB) . 
[0360] 
[Rl 38] 

197 55 47 0-13 0 

55197 47 0 13 0 

47 47204 0 0 0 

0 0 069 013 

-13 13 0 0 61 0 

0 0 013 061 

z co x o tt . $&mms&mx°i) & iz t h-f > 

ttjfco jWf <0»«**ffiV ^ fc V > 3 Z b tm% L,fc . * -I 
T. ±ie«0^i: < 3»3E*SX9ft5 i t i: 

Kc->tz, ztifiK *m\<r>W\<nW&X'*>&. 

[0361] 

[03 62] Hifi^ 1 

[ o 3 6 3 ] *f . mmLitmmmnzM't&®wi3 
xt/^cofmm&^mz^x , ft*^*^-^ 

TThePhysics and Technology of Amorphous S i O 
2 j Plenum Publishing Corporation, ISBN 0-306-42929 

4. ^WffliJli. ttfc. irP^KOiiifei: LTtifll 



[0 3 64] JlWT'Jffft^p. 6 3CI1 -tf-iV-~?9 
SUTV (Paul McMillan ) fcj: oT^HIf?IHklg<05 

fiTv^„ 07 iatx07 2ti, ^;i/-7?syry 

fcioTfflJg3hfc*S*'e*4. Witf, 07 1tfOft« 

[ 0 3 6 5 3 ft*T'l4. <IcoM#cOX^? WP£Jt<8 

7 2(4. m^^StCE^WJirrSff^T^X^^ WW 
£&.tzh<OX'h&. 1 0c 500cm-l«t;^ 

fc, £ -f- JILT, x^?h/l^SHfc*»iS*>*>"C'h3 

*>t-5 tt^StS t <ryx-h h . * $ 6 

[0366] zcom%WR%cox\ £>miz% 
■oxKmL^mAcommzti^xu.. x^v/^m 

*.*%mmiztp~>x<h. 

[ o 3 6 7 ] ±mmmcop. 7 1 'W 

cO^-fkSr^TV %cr>1fe$kcr>— S&£07 3£^i\ £ 
^T14S i 0 2 7 r-f A£jE;fr£*Mrac9*&-&i: 3 . 5 
%«g I -? 35 9 lA-f * £ EPJQ WC ^ t X ^ 

l.„@73M*WJ:o^ 3. 5%co3l-?369M* 
£JQ 4 5 0 c m-^^cOi C^^fk# s £> 

[0 3 68] tsZWnmzii^XAmt. 07 4$rfflV^ 

x%cox^9y)v?)mw.*mfrx^h, 074*^^ 

n\^ Y )V-f?*.* , %.rtZ>bS i OJS«10 
9, 5«c04ffi#:^* i: iiti'fc LTV^. L*»L. « 
(4, ^-3^1fic04iBfWfJt$:»*>aiUTV^t-rr 
f , b % 9 « 4 ffifrgp^ t ti <fc 3 9 -5 

[0369] *»^***C:<OW*H«"CM*t>iffi*t'CS 

h)vcofmt,z\mm^<nbtph. ttcm33i>mtm 
m i >mfc£~oxmmztix^& , 033 (a) (4. o 

-S i -01&-&ftcr>m®(.b LXCOS i 04 Effifrcoa^ 
t-H««|CO»**^"f«rttia , C*S. 03 3 
(b), (c) (4, ^M^XlC«fc0^tfeV4^-r I OT 
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[ 0 3 7 0] 07 6t4, ±KfiJft%lOp . 1 0 7fciEtt 

07 6<?) ( a ) {J, ^aI^i)-7«- 
tf/^*L, 0*U4*SS-£\ SlifflKteT**.. 
( b ) (4E1 " 4"I>CD ; E'T/K ( c ) IJE4 " tfil', 
( d ) E2 " tx/USr-eiX-fiX^-t. ( b ) ~ 
(d) CfcWSWmTte. e- "CfiSifVCV^. 
[ 0 3 7 1 ] 07 6*>£> t J: o tc. ±fETOTftt* 
(4. 10 9. 5««4fflfW»j&£2ffliWilfflffl*L 

(4, fci-ex^^ h/K^WWWiSJSv^ 
I03 72]177il *%?mmHmLtz%\L\^ 

•t. 07 7*>fe. 1 0 0 0 f tft-CJSHr^Ei:^*:* 
ft, S i -O-S i ft. RVO-S iHg«2:024K5f; 

■r. 

[0373] 02 4*»fe^*»4«(:. &Wf<7> >>« 

JUL, *<0«*£:fc&*ifcrJ:v>. wffiKLTfciOtt 
[0374] #3fti$l#*4, ^Ikfr^X-f AfcJBV^ 

F (») =5<M (t) ■ M (0) >e- l »"dt 

- (1361) 

T*4. ::t'M (t) li#W?M, T8E5$7*$ 
tx&. &i3. ±ie^<0»^Ht{4-oo*>feoo*-c*«^L^ 

[03 7 5] 

M ( t ) =£ ei ■ r ( t ) - (1362) 

ttz<M ( t ) • M ( 0 ) >(4. McogeffiMMISSr^ 

[0 3 7 6] ZZX\ ei li^c^Cfett&mffiJ&T* 

[03 77] B*lfflfflRI**J6S Wi. *<l-P*l«0«*Jt: 
fcttS s ( tl ) ■ s ( t2 ) ■ s ( t3 ) • s ( t4 



) • s ( t5 ) ■ s ( t6 ) • s ( t7 ) • s ( t8 
[0378] mttf s tf ^7° U y7£f!8i£mzm~iT(?> 

*$«m« (ommisM<osmm^ comment *>v*\ s 
ts s^csv^coe^iBwsai^, **i&o)ftaaawsi 
[0379] *®$mm\t. jft-pj&HoisAttiiKkK^, 

£078{CSrf. BP*>, 07 8(4. lo^WI: l/C JIM* 
±fc, 07 9(4, &*£<OS i -O-S iftcO 

ftSISIISr^-f. 07 9*^. xawmortijiiii**^ 
# < StfiT v ^ Z t tfftfrh . £fl<otftf;JS<0*K£8 

[0380] 08 0(4*^B)!*W#fRL^fTLV^ ; ? 

fcfrc**. 0*. *&v^ti»**^U /hS^Si 
S i £5kL-OiS 0 08 00 ( a ) (4, XYZ^ISHlfc 

•f. ^ .1 Xl±%<?MM & X^nttfr ~? fc* 5 , zcom^ih 

mx\±M.i-\t^zxYm^W:^zmTt i ^tmzM 

W)LX*<^&Zb l>ft ZCOZkiilMttlz^Lfz 
M (t) =Xei ■ r (t) •■■ (1371) 

x^? h/l-Sr^-f d t teSr-S . 
[038 1 ] 8l£ia&£^.Ts ffl^<i 

(4. m^irHnttz^iz-o^Xt. ySilz-yaVl: 
HffLJt. 08 lMfim8 2teZtLt>CT>m*^-?. BP 

^(Ci^XISX^^ WI^?S0. 082(4, R«WJC^ 
^«*Sft^^-t0T'S>l.. 

[0 382] mnm2 

[0383] ab-initio ^IS7]^ffiS:ffiffl L 
^^■(c(4rpmc ; 5:'b^vW. TTAT^fyy-r^ 

(4. mmxmz&oWi'&iz. ^mm^-v^w*. 

^ffiCI^^I <^:S t , feir*W3t 0 , s i - s 
i t . -5g*iKf * (SS&f 5 i fc * S T- 

frhx-ibh. mm. s i -ote^owcto. 

(-(4€^W^ie*^L, *ffi*^§<^rl.t, #*a« 
«K0#*x*^4f-{i^:S < 4 9 . i R<ov-?8Sm 

[0 384] ZZX-*¥m8blt. Rappe-God 
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%%W&\ (Charge equi 1 iburati 
on approach) i, tJJtoT S i 0 2 

[ o 3 8 5 ] ^-mnwmxut, #o>»*x*/i/ 

[0 3 86] ;«*ffi*i9-535{:fflv^*&<oi 
4 yx^b;l^fcta!*piJS:ia8 3fcmtJt. *^ffiSrffl 

a-S i0 2 T-t*^^ffl^§^i;CJ; , 5, ± 0 — 

tfn\m t%<o. mmt ^mttm^mzfrt txo^ 

■otz. 

[ 0 3 8 7 ] 08 4 *^0ff#^* 5 «^Ui 

o < m%mx*m . t tz&m^m £08 5 t= 

[ 0 3 8 8 ] _bie^*feMt=RR5e S ix 

m\z9vx9\mmmz& omtt hzbizfthx^ 
v ^ffl-ra « see nifc-r^t**) t . 

[0 3 89] Hit^3 

!&3^5lj&fef?iJfcL-T. 
^SI«li&C^V*TcOf$ffl£*W\ UtW:a-S i O 
, (7WrXS i 0 2 ) cOtm«LhT-fft£U *«03fc 
1*X^? h;U^^S|-t&^rffit-?^T^-t. a-S i O 

ZbiZX'O^Ltz. 086J4, a-S iO 2 c0ffr&0 

com, imgJK«0»iBau*T»»Lfc. 08 7f4-?-cog?co 
ffiflcoStffcT* 0 , H8 Sfilt^fflfeg^fra^-fb-C'S) 

^fclBVXfc^-Ci, ab - i n i t i o^ift^J^ 
^Mv^tt, #BiaCJ: Oil**** 

-yxm^mmzhXoiz^K^mi^msLt tx& 

[0390] u>>u mtiz^K^mituh-r. ns.* 
t . imcom&mm s i o t t c t & 



0, %t<imig.cr>s io 2 t%&, miz. fttiimmx 

i>, afflCA"3Tt)tO a^tS'l.M^S i o 2 

mmtcomm\EMt%:-oXL& ?. $£~>x. *hek+ 

^aSSrfAoTa-S i 0 2 Srf^fRT^ - U> 
Zb^ZZX'M.iHL, SWrUfc. 
[039 1 ] 09 0 Wi, w$$H<n-tf'fy^*)i3i*)V 

^^i-r/Ki*l!)t=Sr*^i«^Hi±#LTV^ 0 it 
ftcrfeiz i> mmzm^ijHz^r- y v a- /Ux 
'J?LXVP<« 09 HZteZCDb*CDiffiM1&cr>-&\>'cW 

t / zm\B.%mco2mcDmw\3£'it$:tzi-?z„ ±Mt. m^m 

lZ!fclXftmtf$Clt>tl&£ol<Z^ Par i ne 1 1 o 
-Rahman c0^& £ Sffl L T V ^ COT , jf SI (C J: o 

[0392] *%J{i535*WC'J>^3tto, 2>21CO^-r 
ftS{i6 0JSt^r-?TV>4. td^^SI-ti.i:, 

^9 0JKt'iI**$:«oJ; oX-h-itz. 
[0 393] a-Si0 2 Srmt 

tz. ztM. s\to<ntf7-yi' j rMzffithl><7)X*fo 

h> ab - i n i t i (AT 
TA^fyyfHl)L<tiBKS^f>^/l') CO^H 1 
tt^j^T-t, s i o 2 *saa*&t{i. JS^coiSB 
aySLMz Z.hXf-yi'ViVzc. *)V*?—cv$Z3toij i ft'ffoz± 
ZcotzMz. H^coJIfij^ffidWi:. alcove 

1 r e tcOT^^UXAj; 0 iaWStcH^SIUSr* 
to 5 ;£g# { £> l> i: V > a i fc S . 

[0 3 94] 09 214, jl^WVe r 1 e t COT; 1/3' 'J 

-co^lSfc 3H&x^;i/df-cog5a*. at>'Wx^/l/df-<0 
fPSr^t". ^tcOX^^-cO^Oi: 0^'*V^-&, 
|gx^;^-J4-^^^^^T'*)&» L^t, Mftco 
Ve r 1 e t COTlV'd U XAX'te , 5/7^^^*^ 

to, ZCD£'jlZJi*)^-cVi%fttf1rfhtl^\ afrttf 
r*]±S * S fetotc , Bl^iaiPHT*> i KHaiHPHS'hS 

»s t , mmnx^y^vivffitmzimtx'hhz 1 1 

[039 5] KS^jEilCaioJttoC Ve r 

1 e tfior^3*yXASr2Sc^L. H#B#?(iJ-<? coffin JS^pco 

a«jcojn^scoft^co^T*toT, ztizmftlXMfg. 

ibL, ^x^;^-i4-g(w«^^.SJ;^tc : 5r-5^o - 
coJ; d^x*;^-cOiE«=6ra^* t: 5:S^V^, * 
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S^JSHT, iit^Mffl:^, a-S i 0 2 <offtS 

[03 96] tLhtfOJ; a IC, a - S i O 

Ta-SiOj &ttMI±Tm£f-« - fc Sr^TtSfc L 
fc. rtfDid(cUTffjRUfca-SiO,(4s 53Sfc:Jt 

tt-«c0RHrt^JR4-5TV^. ?§MS i 0 2 -C!i, S 
i i -0£J: 9 t'hS S 

St. m-ffi%$:2Ak.-fZ>t. Sl(J4ffifi*%if 

[ 0 3 9 7 ] <X£, a - S i OjKffbWEt L, < 

M = Zqi ( r i - rO ) =£q 
= Zqi • r i - rO £q i = 

^tc«jwi*is* s -fe'oc7)BSt^-^i^.i» rsfx\ mum 

[03 99] £££ I RSfflg^-fcittK-CJi, a - S i 
0 2 ii$d^£LTV>&<o;*T-#>y . £{5fc*:*:£<ft£lfc 
£L&<rvrfc£#&Lt\ 7AX-)V*i-*VY%i&<ri 

;^A,aiT^-oTi, Hr/l^hw^&Btwffiffr'&Sfc 
lot, ^-^yh^lt»LfCo o^O. 

a (<u) = (4tt 2/3hcn) • to • 

S^cOjS^*t'COa-S i O 2 c0I RSr^AbS.! fcCt 
0- J6:W8fca-S i O z cr>ffi&t I RX^? WKOp 

[04 0 3] ZZX\ 09 6C. ^Wt^fl^L <W 

i o 2 nMffl u ^E^jD^-^^^^^asn^ I R 



s iOzzmmmztt. x-zbtfitm 

XCDa-S i O 2 c0^jt^. H*. SD 

m(0&miz$mV. ZtlZtiUftL 

[0 3 98] ZZ&X'fiiX. m«<r>a-S i 0 2 ffljt 
£ft«UcflL ZtlZtUZttbX I R*^? h/l^3<ft 

fc. y4x->v*L-x>vmi, Tie^ 

M = Eqi • ri — (1461) 

fr^tbhZttfX'Zt* ZZX\ qiJiJR^f-iW* 
ffi. r i tiffiat'*)!). .IO{iI£##>Sfc£, 

£qi =0)C(i, m^rO ZFSmzt-oX 

[&139] 

i • r i -Zqi ■ rO 
Lqi • ri 

••• (1462) 

W. 0 & o Z t iz V fc . d <0 J: o iz LXUZibtz 7 A ^-^ 
^-^< > h O^Wt^JSrH 9 4 f£i*Lfc. 3 ^Ttlt 
»TJ>l>Wt. x, y, z 4 -tf-ll^-ty 

Y-hmhtitz, 

[04 00] IRX^^hi^fftSWl MB!: 
LTs icO^^-^-^VhSr^-yx^mL, I 

^■£0-^^119 5t^L:t. Z<r)®mX'l hlU 
CDV-rtiLmW^MX'a,. -f%b*>. WlOOOcm 
- 1 =5: t ^ 4 Z fc , *«> 5 0 0 c m - 1 

i 0 2 WI R^JBt— ScLfc. 

[040 1 ] I RX^; bMf -IcO^^fy 
x^VtVl (a) l,Ztobi&mTcoMWZmiX<Xc7>i& 

[0402] 
[IR1403 

(l-exp(-hco/kT)) ■ I (o>) 

■•■ (1463) 

x^;i;l,^t. ilOOI^lOlC*! 

Tm^zif^tiimxhi. 
[0404] mmm4 

^mz^hiyXT^m^hzt^zi.^ , jM'pcom 

fc «f4fttt fc wllM^Wa^ffili^J; 0 , *«^SISI)il 
£>SStt3BB*«0«* Sr W S - fc **T" # 6 . Cl^Jft 
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[0405] PH-tfoawi^ro-bxRtK^ji, ro-t 

XjttfWfcOiB^J £ # J£-f S £ k jFT^TXT'J) h . ffi^tc: 

[04 06] ( i ) m^m^mmx'it. s i skc 

^^(CSiOi^Sf&tt. Si 

msit s i o 2 k <r>»mmm.<r>m^z z. o , s^jc^j 

[04 0 7] (2) XiMKalHltt&ftlfc*-6Bttft> 

[04 08] ( 3 ) ?£v ^Jl^ji&ltm^x/i^ig 
[04 09] dOJ: 3*«Rwae3&»"C, mmzxm<r>% 

asfi*:*^ zmffimzw&izwsnz-t&k k i>iz, 

WkOXfflz&^X. b'n&dlzffiE&tiat&^fri 
7sk-?zbtfAWX'fo&. ZVZbli. UXfitV-iV 

[0410] sticiJt, mji<?)im*m%i£®*>"cm 
mx'b&. m±i&Jjco£j£j)b3m£&»t&z.bi>Jz 
mx-hhi)K Kmmi&ftizmE-r&zb immx-h 

4. ffilitf . Si (10 0) aHEfrffllrVtV****, * 
coffcflbtit DMiiEl 1 0 2 t^-TJ: 3 iz ( 1 1 1 ) WT 

*>s. ;»(iii) a±t- [ioo] *m*<fto*rti 

£>.|>k#;t . 

[04 11] ^BH^^tCkS^S i'a^f 

MMfemmzft&t^commmz^^xsmLx 
[0412] zixh<ryfm*^&zizmm*& bbh 

& wafcfflg LWrtHmWm®. t lEif WifflS 
BwS^-CBBl^ixi-C** 3 SO I £«0)LOC O S 



[04 13] zcniio^mzn^x. t&fecoBHfcffitt 
k *tfflWMW>*il, $ f>{c{iJB5^TT*^XPa 2 &7E 

[0414] mtico^commm^mmu. 

If FT— I R&fflVtf:. Ztl^com^cr>^^Vy\y- 

?v^jw®WLiti'ATMz£'9Mmzm¥TZti. nob 

[04 1 5 ] *%W%b\Z, ZC0mL^M2}X 

*4 4:, *W5fi?:®--r. ZCObZ. S i 0 2 lciitt 

S i k S i 0 2 tf5W*"K»4JE***?lHrtS. 

[04 16] f-WiMtSW^k 0. ZCO 

ko^mmm^. m^LKwmi 03-c*>^. * 

•f, atKCcoitflSPJ^s i Oj^iJ^L, S i OjK+t 
fSAUTff<*\ fMBWoUKttD " iiS i o 2 

««f<OJC*o<OHMf*Wt&, Si/Si0 2 

sit, ^{tffl* ! s i izm&th v$iz h mfcpwftww 

[0417] ft#:«^*k LT*±, Mllf. S i 0 2 
BMkffJ<Oftfctt*WfliiJ-f*ifct:*i. 

sim&<r)m±.izEmmiiotiwm-?&b. zzx-i>. 
mm&znz.hzbiz+ch. 

[04 1 8] 4", ±JC^SWx*[«]<7)fiSi^?r crxxk U, 
*Jt, y*[S]«)*^^c7yyk-ri>k, 2 jKOJfftf] 
tcWLTJS, TIEj^ (1531)^(1534) WRIffi 

[04 19] 
[I&141 3 
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pVD 

D' -Oexp ( ) 

kT 



-0531) 



anVR atVR 
k' a - k s exp ( ) EXP ( ) 



JcT 



kT 



•(1532) 



xx yy 



( V) 

2 



<7 -Q 

w yy 



<?u„ 



•(1533) 



<?u„ 



VISC. E 

#-VlSC. op ( ) 

kT 

tz*>x\ HRttttt*/x^a«flc#ttii±iB^ ( 1 5 

3 4 ) X'WBX'th. ZZX\ VISC. O, VIS 

t-6 k , ?£«±# k k ifc, #±«^<0J«^*W-rS 
Si/SiO z #Sfc:*T'f'JjiL 
fcBHtWS i*ffiT'^^Si$c9J5U559Sc*s ' (i, 
HWCJJES ( 5 6) «0J: 3 -ClK/fs 
14, Jfc:W#£L&^^cottT*S>&. --T\ <*n 
(4, an =- (exxnx 2 + ayyny 2 + 2 crxynx n 
y ) X'h'O . ot=- ( tfxxny 2 + <7yynx 2 - 2(7 
xynx ny ) T*>l>. VRWU * — ?X'fo&. ZCOft 

it ***>*>*. ±IS«S i/S i 0 2 *BT\ Sc 

(4, ±t££ (15 3 1) -cassKTS*. ci-ik, plitfC 
stC<Ul£ix&. B|]^p=-1/2 (<7xx+ffyy) X% 

*>, jE-^crxx-^cyyli. 3I-?3S9£:E. ffiffiSrftKBX-? 
TV*4. Blrtfci LffiWStfja«#£U 

**#JBT*;h.{i\ J£«tiM&l4/hS < - fc £^ 
v>6. ±f25W4, CicOi kSr*3lL^t COT'S) 
[ 0 4 2 1 3 *3fti#§4>a*f!.vtffUjfc, z.<?M%<r)?Kn 
im^JiISrHl 1 0 4 tCT^-r. i-Ts Si/SiOjfffl 

co«SSr*t, lH]Bco#«S^T*cOiS<7)S5'(ba[Jg2rStttS 
-£ct)±T\ #8&j£T'«S i OjjI&Oi&gfcuSr-ft 
y>?> 3 ^COuSrfflWC, ±ie^ (57) fr&iSasfc* 



-(1534) 

y>5. icotfyjfcfflwt. * ( 5 6 ) . * ( 1 5 3 
1 ) , S^lcsS (1 5 34) £fflvvcitfbSiK£ffJKH- 

»ua-r. ^ltw. je#j 

jbttT***. 

[04 22] ico01 0 4*^t>^-&J:^tC, iMfcB# 

<t VVV^m&X\ Wm& 1 3 0 0&X\ 9 0 0°C<?) 
BMfc*IS*fc 0 BKHSWSWi F5>fBt*100%fcU 
4fcIHfcl*l8Hi3 0 0#fcU'i. EWS Sun4£ffl 
ivf. ft3P#P^£p^T.^, {E#j$ffiT-£>ii«\ «Wa 
1 5 9 0 0#<DI$|S!£g-f 6. ZtHUmi 0 B [Slick 

at, i<o**f(4, mmtzim*bx^fo%x'b&. 

[0423] *5HB«*»4. yffigB^-cOltS^ 
WLTli. «#1SPIS-»AU iWlllWiRJR*«lSr«#t 
T&#. ^fLCOl^^^fWLTUXmH-ffSrjt^. 
;cO^tc4 0- 9 0 0T>-1 1 OOT^WCkO, t£ 
*^&co l o 0 Oftco 1 HTl:l < k . 
ZtHzX*). ?fi. W5Hfttt«<0*E<fc 

k. mSCgBcOfta-fli^jtft. H^raffl'y-^k LTfUffl 
T'#SkCl<?>*T*J'JSiU:. *f&<»&<^4$ ^5 

«s*ffis k lt, mtmmco£fffl®.#m&co 
wm*. bu>+n®<?>mwm®.mzm^xtt. 

[ 04 24 ] 01 0 5-7 7(4. ±ISx3 z.V—9*J§ 

yfc&bMz^nX'foh. ZZizte&mL%fr-?fi:tf, 
*%&i%t>\i.. ^*^-BE* J 1 0 1 %cob*ct)« 

E^»t30V>Tt>IS^.!t. ^-cofcgm. Brfta«**3lv>k 
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[04 2 5] #fSHJ§:gi^ *^X^ASrfflV\ hW>" 
131TC. 5 fflfJSS 

SIS £ Iff. 

[04 26] ( 1 ) IftKfeitttf^ 

(2) S/'j3>itttfA' 

( 3 ) IttKUWlBAMtttf^ 

( 4 ) IHt&Jg^K^ffiflcfftt^T^ 

( 5 ) BMBPJ/S i RJEcos i Sia^tSfftttr^ 

=Srt>«(i, awcfeJUSWEf/mifc, s i/s i o 2 
ffiRZ'V S i a^tfOK^J-Cfc * Z b £S§£ jk#>Jt . id 
T\ 9 0 O^TW F 54 IWt*K9±ff& 

J:<^Sfc. %iZ&t£ j HMttiBfc&fufirv*. 9 

0 0-C F 9 4 IMfC 3 0 0 St. 9 0 0 *C 

[ 0 4 2 7 ] BP*>. 10 0#m&£XX'htl&. $«f 
JttfjH;f8±Ua:V>. U6»U IMfcfcfciC Si0 2 #: 
0 . ffi*JS:Jj**«350>S i 0 2 mftb S i 5fe 
SMJtft+-t§o fcOfcf-K 9 0 0*Ci£flK*ti> Wtt 

*u m&tvx$-wtX'K&. ua»u 1 1 oo°c(c 

v\ -eLT, S i ^ffi-C'cOBffijE^S^' 

1 Raijgeois*, ± i o%jjJirt<oti!a-casflssTS 

[04 28] JiLh«0»a^flltTfc#, 

t&wffimmikzsmz. sti (shallow t 

rench Isolarion) COMffifaPiCO— UlZ 

cvs&mizmtbfi:. wutiAmn 1 o o°c. s£»#ji 

TffiZbifibfrh. 

[04 29] (DlitAli, poly SicOK-ffc 

t, ^*-y7T»Mi:«^aiBa5»<oi«iai**BKbS<is. - 
[0430] ( 2 ) ^mmittm^, mmimfcz 



[043 1] ZtliZtfLX, 1 0 0 0°CBS*^ V E5 0% 

X'rtStfmnfiJJttWz-o^xmtLtz. o# 

«m. -eo&m. jtwi i oo°cK-ft^E^^ 

J2U:eo#**>&, hWhftU<r>'£:*)*W)t?Z>lz\&, 

s i *iBt:«ejc* * mm § v ^ t a**-*)*^ 

[04 32] WIfWi. § izmft^M ySaW 

EOS ]glfiflH!ft<7)&&3s t ft & i b ffbfri tz . 

[0433] &±(OmSki t> fcfc, 
•f*.9B-t**>& (ill) ffl±T*^W«Bri£?^^*e 

U 2<^7C^5 jV-ya yyAfAtll ( 1 1 0 ) ffi 
JiCtMBLfcffi***:. *fc?ife«Ki:l/C, 3 0 0*/ 

WteiU 6 0 0£/#tc£T-*?-ai:. gP&tCtot 

t±. is^tio, iEfi*^-rs ±*b?z. 
[0434] a±<7)^m%iM.zwm®mLxt5^x . m 

[043 5] S*XSi±, 01 0 9fc*t-319T**. 
^te B H B S i «|»a»-*CMP-»*tSftS i «^<0«ffiit 

ttcvmz&ttMizmB itz. mitAco^m^b ix. m 

[04 36] HI 1 0(1, 1 0 0 0°<X LOCOSXS 
WTmtncnaiOftlbM. mi 1 lJls Rlt< 1000 
•C, LOCOSXg»7^<7)«yyyC0^@> 
2(±, |S]t< 1 000°C, LOCOSIg^TB#cOcrxy 
^«a, 01 1 3tiLOCOSIgifc7SL 25°CH 
aK&Ttf3t^f<Ocrxx<O^0. 01 14ii, RtXL 
OCOSIICT. 2 5°Clcifl«SrT(f^^c7)oyyfi0 
^0, &tzm\ 1 5{i. |S|t< LOCOSXS^X 
2 5'C^SS2rTff^B#<?)c7xy<7)^05r-en-?tL 

[04 37] Zfl^mxmhXo'.Z, CM PS. ^fe 
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ox-. mmmmtxn<. z<vm%zmi 1 

[04 3 8] *»»^jWMIt 
T-Wl^s 5 * k J/lfflrn-feXy 5 iV-^ k £ 

g*. Jiia*»ii«i«fcig. $<iwi, fsmrstiifc 

[04 3 9] *?PJ!#^(i. ±8a^5*V-^*ffl^ 

/t-lHtffil^ftifcWfck'W.}: a $tfy#fttt«¥£SVt *>t>tti 
fiZitti. £c9v"X-rA£ffl^&«Ikl::J: 9, 

Igji^tf^. ±#< -WvXTASrfiJfflU ft 

[04 4 0] HJ&M5 

[ o 4 4 i ] v-'J 3 y««MtBil;l±, y'Jn ytfSHfc* 
wz^-tx^^h. m^^x-md k, js^i 

[0442] mmz. *%*mt>\±, mmt tx , u 

t/TOlWWttfcH / <*:. 0117 \,z^ti. olz y'J3 

v ( i oo) aassfflSiu s^stis^ffoT. * 

fc. x'J3yfflS^i!^St#At. 01 18^^ 



8 o o°c*^ 1 1 o ontx-U^Stitz-tK.. 

[0443] mM(Omm<Oiy U 3 ylMJItJBRU*: 
ft. i£$a&££&ia§-tbt. icon*, S«fflS<7)|^ia 
14, 01 1 9Ci5Vf J3K2«»Tl?-5fc. 

srass- 9 o ox:txm§i-fhxnx-fo o . 
fcj&ftsitfc. JB2si«i49 o oica^iia-cpwis 

[0444] i<0HKft*frc0SS(4. S'M- IWtJt«9tt 

•f<&.&kS*>;fxTV^>. -eci-C. *W£f tttt 

*Hft^tttt^fc£H*fc{*J£. 01 2O&t/01 2 
1 fcjjSW:. *WCtt, BHfcm<41 0 0 0°Ct Ui. 
[ 0 4 4 5 ] 0 1 2 0 {4jyeW*lMkxeS:tT-3feft. 

-en-m i o o onx-vmLt:^, 6 0 0t/ra i n 

TSl^L/i^ 6-C/mi n-C^t^^tfctt 
4. aWC»^^^[^]c7)±JtG^I«ft^iI2rP^*S^" 
ft§ . 0 1 2 0 fcjSrt18**»fc .1 0 0 0°C«»^i|i^ 

[ o 4 4 6 ] 0 1 2 1 ii, m twwmx'<r>m-n^ 

Sr. ««ltia*KUTrn>y h t^0T'*>4o 012 1 
9 5 0°Ctl±WSJS««t'{4J£^iSW*Wt'* 
•3 . tttt* t> t < (4tt3¥tt*W^«)2: ^ L> 9 5 O'Cfcl 
TO4«*WfP*%k*iBi fe-f . S^«i3¥tt*^» 

[044 7 3 £«J:3*tW{H*>&Ji*3ix*.J:3fc, 

0, ttttaW*W^*-k*^k^rO. L*»t>»ffciB 
«5ra^^t.^-ti-l»-k^J;0. IMty'J^^il 

co^r^^^^M* 1 ^it^fyis^^a^ is^-f s c: k 

[044 8] c\cD£dizlXft&Lt:Wmzm*>\ *0 

a ymmw.TX'comwi.$mi}$}^\'>^ r ) Jt^^wm 
?-?yttft*m^xmmfrbm%.iizbz?>. 
mwL<wzm« <n?&m-h * s i^® 1 1 v ^ h z t * s «82? ti 

fc 0 1 2 2 |CM$ L fefhWS* k £ Jt« LT . SMkK 

wzmmztix^mtimzmmu-z. 

BKtSl«klWUI4><offilllB*k «WC- Hi2 3Cv 
■fWffi^fefut. 012 3*^, 
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[0449] wnwit IX . ULhoJ: 3 CM?^ 

^usfliat i r^? h^^itff«^ffl^, 
t^ss^t^^ 01 2A\t, mmmmtnm 

[04 5 0] 01 2 5(4, I RX^^ WUOaiSffl*^ 
S i -O-S i^«»#IBt-^wj6*tJ:*»3ft^7 

t, Etmmijx-s i -o-s ico#^<wt-^<^tti 

tl.«W!tII RX^^ bfrfr^ft^tLXts*). 

[0451] sfec^nsflifcLT, mntism&t 
imz y-h$mmt Lxmmt. znnzy-bm® 

Iff 4. ^tJP^»Witt^fP* s *t^VUdt, 9 0 0°CW 
W^tz. 

[ o 4 5 2 ] 0 i 2 6ti. m^<r>m)y^x'<rmm<r)s 
^&*g-&«9ajjgsjgk Qb d kcotemz&tbtz&%x°h 

S. 012 6*^ Si-OJR^iaPS**l. 8AW_Lk 
4otn8 HUSSAE** 5 %£i6S;i & k , Qbd ifiwm fc 
$4- LT 13 0 , s i - 0 UK? ran k IMttRfcfctt* k # 

[0453] mmzmmmmmb-ytz^co^n 
*y b v-fmmco^m. ( i ) iWfcK»**a*»!ra 
s i -o^^(i«^-r5tv>o^si 

k , ( 2 ) »«8»^bl8« i RMfct t^tf;^ 
£> s S i-O-S i|§^*#*2^4fcV>3 : FS<02 

{4, ttSKBUfSUfc^SAV-^tciO. 0127^ 
U:J: a ic, BMt«<o«JKJ|ian*4 s i -oiS£5«o*tt 

v^fz^com^mtn^-^ z b zmtz\,z%.\ ^ Ltz . n 

IX, QbdtcVttm&X'fL^&Ltz. 
[04 54] QbdtW^S i -O^CO^m^h 

OT<o J: d izimtt . 5 IfflKCtti . r 9MB • 
#?4£i5T^f8S. ll^'Ja y!MUR«9#j£ • fflHB ■ <i 



SCJBfc J: V^ttWcJ: S IE?LJltS j p . 10 1-10 4 
^ffl!W*lIft7 , D/7AGAUS S I A 
NZWnLXMtMLtitZ\*>lzJ:&b. Wfcsi- 
O-Si^M. *O^I><0gg*^<0IE?lc0fif»#m 
f&SftS. «®StL/^]E?L(4ig*(c5$<^4-ri>^T\ 
€^{cttLT(4ii«*H>kLT£l<. 'coSgm, gg*« 

^<(4m : ?^«®tT7tc7)«ffi(;Mi> 0 u>»u -aw± 

k JEH<7tt1&&X°tkm S <xfc teVOT £ 
[04 5 5] *^#^(cJ:Sk, :KD$BS«4;^ 

* ± t h %=Htm tc^-r h t mmz tib . * l r is-fc 

[04 56] tl±^J;a : Sr!Pfii^^3^k(:J; , 5. 

^ttj-c<oig'ftjsco i rx^; h^^aj-c^ . £^tc, 

«^ U^-CcofllJt k ««flWtt k offl|R|**Wfeftfi:i 

[04 57] PJtSIS* TMA^tlS i ^X^Sr, SOT 
JfM^B^^AL. 1 050r, 5%JSK2r#tJdry 

I RX^^ agffiJ: 0 . I R^^^ 7 h 

fttf&tX^%^^<nnW®bfrt><nis7 bi$rH-^L 
!tk^^», 1 7 cm''i?)y7 h^SJ^^^. 
[04 58] ;^7MK, STOC^O. 2GP 

iifc. i£0x7h*^^7MS8#«l 5cm-ikJt«t 

[04 59] *SI«WI<0»*S:Jt*M-|.JtA, - 

^T"J>l> T x-;W^k Tx-^iSJg, ^S3lS^i4, 

Sr#lSLT3*:a5Lfc. dtf0*^(41 0 0 0'C. 308>^ 
[04603 7--^7ft, I RX^? h/I^SraS 

fc«^k, «EIL**>ofe*^kf. QbdcOfflSSrft-? 

«iELfe*^-C{i. 4 5C/cm2 , <g 
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[046 1] 4fc, MwWt&Wf-iWMctJV^T, 
9 5 0TOdry 0 2 #ffl^TJ9r MOffiUlW f- V & 

6, t-7y7M* 5 16cra-'ti)o/i. -IfttiES* 
[04 6 2] 

[f£HJ?<93&JRJ W±fM3tfcJ;^ W:J:^J:, 
? 5X ^Mtfcfctt I. ^-^ HM&affl&S £ HP** - 6 £ ft 

t-&<. mosls i mcD¥mi*3mzw&t&$iW. 

IE L&a 1 A>Bfi^ £ t S. set. *^tJ:l> 
fc. ( i ) ^ntxSf^jg^^, &%m<7)-?ti<r> 

ivO x-y?^ (iii)S3B»H : F<om,*>^rffi 

J8fc*fc, ^j/^A^WWi, (iv) /n 

uiptu^, (v) mi^mm^y^ymn^ 

[Hffi^fS^SrlfcHjn 

[01 ] Jts^ict^^x^AtfO^^Sr^H. 
[02] Xy-v/W^S $»W WffiCtt 

[03] #&BJH;fflOfd8rL^ab i n i t i o^lft 

Sil/-y a yi/X-fASryJcf 0. 
[04 ] m-cos^F ( i ) t , ssroat^ ( j ) fc<0f^ 
fflt. SfetSSZWJR^ (k) *>fe»Z ( j ) £»LT 

A-?-c<-g>$»H£*-f0o 

[06 ] ^*cOft*¥ffit*^W^0«f««-&fc 
^{4S^'ttSr^"f0<. 

[07] fl-^*^ 5 I 1 fc, rn-tx$i 

[08] WUfyiAl'-^ lit, rn-b^Saft 

[09]*fl,ffl2- 3^7c7°a-fe^v5iW-^^A^iy 
- y x CO— #IJ £ ^jcf £ SW"0 . 
[01 0] im2 ■ 3&7cTo-feXx$ j,U-?cDAt) 



[011] ^fl^wHEWWCt h 2 jt*tf>-g&Sr^t 
0. 

[012] -f^-y-ft«f<O^-pyffli:^ffl<O«^0S:7r: 
[013] -f^Wt^^-oVffiS^ffl^^SS:^ 

[014] A^v\m<n9-viv^mm<nwm*^ 

[015] 

[016] TiVXV&W^y-J K-fl^F**^. 

[017] (I^Wl^MU^&^-f. 

[018] -7h'J -y^X(3 0 6 3)&fifV^*i6?tfl;^r 

[019] vh'J ■y?X(3 0 6 3)$rWVvC#atofc«ffi 

[02 0] -7hU-yy 7 X(3 0 6 3)SrW^T*^l;W 

[02 1] Si-Siiao^-nyfflSf^fflJ<!OlHWS»&?r: 

[02 2] Ocom^f^stJ) 0 . Si#2s*>&V^±3s{C#> 
£ * x /Wfc L J ABcOf tSE*£ll £ . 

[02 3] IStt*at^^ft«»tfttt=BII«L.fc±iB* 

[024] ^HHtAS^a^J^^SAU-^^^tr 
*8*TJ>aO-S i -OH. Si-O-Sift, SV'O 

-s igat*jj?fT-*ia. 

[02 5] tfcJfcDi'S y^Xf-AtfcttS^ 

[02 6] ^*C0^3 al/- j^a yy^fACfcltSS 
^lt*«#)lSr^0. 

[02 7] ^coro-feXfc^iftrn-feXtfOJR^ffl?: 
^81*0. 

[02 8] S^-<?3fll«*^T-^ia. 
[02 9] ^OflMS&^T-^ia. 

[03 0 ] ^a-^KSr^-rr-^a. 

[03 1 ] »«ySil/-y3 yyXfAtJ:!.^ 

[03 2] ^ySA^-yaVy^fACil-rn 
-feXO^iS t ^co^ffl^fc-fr Sr*-f0. 
[03 3 ] fiefs' 5 ak-ya yi/A J rMZ&&i&& 

[034] *%HB#^>* { W^L3tfltV^binitioMD^ 
cO0o 

[03 5] *«BH«^tJ:4aaBBI6tJ:&>'5A^- 
?<Dlfij£«l±0. 

[03 6] *»^#»tJ:6»aiWftCJ:*^SAl'- 
?C)8itfi0. 

[037] *3mS%miftm Ltz j/Salz-^WiP 
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[03 8] ^n/X*^f bBaTi0 3 i;PbTi03<7) 
[03 9] *»0^^* { ffL<^)S;L^^5 Al^-^tc 
[04 0] #»WS ! a J 0fl«LfcS''5 AV-^Ct5tt6 

[04 1] #&9!#*^L<fftSt*:s'5*l'-*fc 
I^^DT'^^ hPTOCOf-A'-vCOtfJiftS. 
[04 2] 3ts%B^^'frL<f1 ! )S;L^abinitio/MD 

[04 3] #$WJ#«W«L<fft£Lfcabinitio/MD 
i/UP-^CiS^nm^ T«PTO0D»*Xflt<0 

[04 4 ] *»S««Wlft<ffJiEtfcabinitio/MD 

[04 5] *%B^W«Tt<^U^abinitio/MD 
ySj.U-^CiS^nT'X^'f bPTOOPbO^tt 

[04 6] *f6B J B#fe* t ^*tfe^5 il/-;<^)f-^ 

[04 7] y— v-^^vtoH. 

[04 8] #f6BJWS£WO0. 

[04 9] *^fcffiffl§tlS^7X^^b , y-/Hct3V^ 
■C, in-sit u*-*fflSg«itrt*£c0J:3t=LTtt 

[05 0] R8A>fL^fJlSii: , ffcfrtm* 1 ^ 

[05 1] ^mizXtab i n i t i oj/tfWril*&/ 
y>/Xf^A*f-^«- Pit L-XCO 

[05 2] *%mz£&ab i n i t i o^Witi^ 
[05 3] #fMJHCk£ab i n i t i o^iWl^ 

[05 4] ^BJtiSab i n i t i o^ift^J^ 

mX'fo §Si-0-Si ftC0ffl$mt*7fctM. 
[05 5] 05 I COA^—yy^M-titiitiMX'h 

[05 6] *9&Mz£tis§ iV-^a yyXrACi 

0, 

[05 7 ] WltJil.ySi^a^^TACj; 

W<A4lfTWe&* S i - S i IfflKil^ffilSI. 
[05 8] ♦MCUyUl'-ya y^X-rAlCJ: 
Sm^f l^kJWrtfTC** S i - S i fflffi*co#m0. 



[05 9] ^ICilySal'-ya^^XfAHJ; 

^jlFiy^/i^fi^K'^s s i - s i rasEfi<7)^0„ 

[06 0] sfrlfcHJHcfc&i'S alz-yayj/XfAtJ; 

[06 1 ] WltiSySiV-^ay^fACJ: 
SM^FK/mtrW'CJb* Si-Si Pffifi^^Wffll. 
[06 2] *«WfcJ:&^5Al — ya^yXfACi: 

sit F^^fim s i - s i mmcoft^m. 

[06 3] J: 6 >" 5 yyXrACJ; 

SJK^W^m^fWC** S i ffi(aao#ffi@. 
[064] #%mz£&i/$. A l/-y 3 yyXfAt:J; 

[06 5] *M:il.ySj.l/-y3>yXfAl:j; 
Sra^^SSfTflT** S i Eftft<D#?fi0. 
[06 6] Wit: i SySAl^-yaVyXfACJ: 

hUT\s^>vmymvh& s i - s i mmcoft^m* 

[06 7] JlsW^SySA^-yayi'XfAtJ: 
^KF-W^mffWt'J)!) S i - S i (SlgEStcO^ffla. 
[06 8] ^fCiSyS^W-^ay^XfACJ: 

SW^i^/i'SlfiW?** s i - s i fflffifliatfMfiia. 

[06 9] ^mizX^i^i a-V-i^B >isXr-UZ& 

[070] ^mzx-oxm^titzm^x^^cn^. 
[071] %&(vy^>mim%it^w&m. 

[07 2] ^O^^yfflSKIftSr^-f^ltS. 
[07 3] fi£*<05^V8l©IS**^H1*ttH. 
[07 4] «63tW)57y»5aSli*il l Jit4't*« ; ET 
/W2r*-f0. 

[07 5] O-S i -Ogr&*S<75MRfc L"C<0S i 0 4 

[07 6] S i 0 2 4Wy^fi£^^T;MII, 

[07 7] ^^Htii&^tt^^^SaV-^^^r 

^j^^-rwtt0o 

[07 8] ^Jft^KiS^iJ^^Sj-^-^^^T 

[079] *m\iz£htt=m-h^$.3.v--f><n$m 

[08 0] ^B^cfcS^D^^^SjLp-^W^tT 

[08 i ] ^wtci&^ld^^^s 

[08 2] *»j;S»fij]¥y; a y-^^tT 

mxh h *g*^s»s* *^-f wftia. 

[08 3] *f6^#fe***rL<BB%L^:^»^^5 

[084] ^mzih^^-m^^^m^y 

[08 5] ^MHfcii^mftft^SAV-^fci* 
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[08 6 ] *^f^(;J;| ) ^MS i 0 2 ftfmn& 

[087] *m\%t>iz£mmm#Tcv4EMms i o 
[08 8] *%bm^*«u^^»^^^$ai^- 
0. 

[08 9 ] *%*mt>t>mL<rmLtz j rt^mi) i ¥i'i 
#tt0„ 

[090] *mmbtfmL<ffi&Ltzft=mft'¥i'$ 

[09 1 ] *i%B^/? > ^t<rai6t^^«i^^s 

fflc7)B#ra^t^*-r#e0» 
[09 2] ^wm^mL^^Ltzft^mj)^^ 

3.1s- 9 tCii^cOVer 1 etcOT/l-rf U XA £ ffl V \ l+ff L 

[09 3] *wmhbmL<m$tLtz j jf=Fmji'¥i'$. 

^x^;l/dr'-o^t2-^-f#tt0. 
[09 4] *fffl%t>tfmL<timL1ztt?®J}¥i'S: 

[09 5] *%BJ#A>^t<^L^^»^^^5 

[09 6 ] #«HJJ#£#«L<IJBffcLfc^iWJ9 s S'5 

^-^«-s i 02 [zmmh. nmztitz i 

7 h;l- 5:^00 

[09 7] #?CT#^frL<l»»Uc#m^^S 
iU- ?£a-S 102 CiffflU *bJ±#*jD;b^i§£ 
^IiJ^^ I RX^ h;l^&^-f0. 

[09 8] ^mm^mtKm^ttz^m^^s. 

[09 9] *^*^>* s »rt<^L^^i!)^l^^3 
A^-^^ffl^c7)Ve r 1 e t <^TiVd 0 XA£fflV\ 
It* L fcx^l^f-tO^b*: ^^140 o 

[0100] *5tw%i>iz£ mn^mz^-tm. 
[0ion ifw%%^z£mn^m^-tm. 
[0102] si (ioo) izfitt&m oh, ftt&mm 

[010 3] Si 0 2 RlfS i/S i O^B^T'COR 
JE^^1-«^0o 

[0104] ttwmm<nm<XMf»*m&mzvki-m« 
[0105] wnmcommcD'&m, mm&ft&z^-rft 
«0„ 



[0io6] mtmcomm^m. msw&Giwrttt 
ma. 

[0107] mtmcDmmo'&jg., m^m^^^t^ 
ttia. 

[0108] ^-ttji^n/cffiiaSrfflV^-^iOM^y 

^muz&wh^fc^ft^msmj<mwmji *fFtm. 
[0109] mmm^cmxmztnfhi&mkm^^(o 
^b&^#«0. 

[0110] hUyi-ftlztiifh axxCDftJoZ^i-gtM 
[01 1 1 ] buyj-ftiztrnz, oxx<r)ftJDZ5r<tWr% 
[0112] YVy^ftlZldtfh crxx^^Sr^-ritff 
[0113] YV>^-^zH^h axxcr,^^7r<tt\% 

-fwm, 

[0114] huy^ftlzMih axxcojfftZ^i-mM 
[01 1 5] YV-y^-ft^ZtiWh axxO)^^-tWc% 

[0116] mmitztitzmit^mmmz^m. 
[0117] ^mm7 iz&v&y-Y-mmtmn&ssjL 

[0ii8] mmmi iztert&y-h?mikmcoBrfzr. 

[0119] mmmnzm-fhy-hmmitmmmkcr) 

[0120] m&iMcottmzk imjw$nt£^-?& 
«0 

[0121] ms^-^Mzxhmtico^it^-tm 

tt0o 

[01 2 2 3 (E*^»ItSM?:itI. 

[0123] ■mmmi <,zmi&Mikigjg.tm*<r>E.M& 

[01 24 3 lfct>ttMz£& I RX^? WUO^-ffc^ft 
[01 253 fflm*nS.Mjfct>kS i -o-Si|W 

[0i 2 6 3 ?si 3fi«cos i -om^-rsmtf 1 . 8*^ 

?"X b o - AiiLt: b & -5 T V ^§ tt-^W tij3131Jg 1 Qbd k 

[01273 mjimm^mzj: & s i -om^rmft 

^co^fk£iKt0, 

[01 283 dRAMCV\UrittJ-"/7°3XhtC0Mi%£ 

[01293 vmmiz i.z>¥mfcmmcowkxnz^'t 

[01 30 3 $&mtzj:&? 9 X9\\LV-lV^<tm. 
[01 3 1 3 *^(cj;Srn-feX>-S ^V-^sV* 

mm h , msm ^ x r a coffin £ srta . 
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28 
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I — 
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[035] 



5^5 jV-» 



[__ [ j | PFT | 
r j 1 E1GEN | 



•-i r- 
i i 



4 * > • %#ft&m 



CRYST 



UNIT 



TETRA 



EWALi) 



& 



RHOMBO 



DIAMOND 



TERSOFF 




PREPAR 



NElBOR 



HSORT 



MAXWELL 



[044] 




(7 1) 



nmW- 1 1 -1 7 6 9 0 6 




(72) 



1 1-1 7 6 9 0 6 





(73) 



EfflPF 1 1-1 7 6 9 0 6 



[046] 



tmp-PbTiCh 

cartesian coordinates 
7.36991773809233E<00 
3. 68492904917006E+00 
1 . B5344324959821E-05 
6. 37215603348813E-05 
3. 68493242800013E >00 



(bohr) 

3. 68S038305567B2E+00 
7 . 36990675500488E+00 
1 . 4545220934Q92OE-05 
T.369920812676S1E+00 
3 . 68491260288479E+00 



7.369990107C3879H>00 
1 . 3699B965539427E+00 
3.4OV4701943469ZE+00 
3.51659109214652E-05 
3.96842529600l34EtQO 



Cartesian forces (hart/bohr); max, rms- 1.43767E-02 4.51782E-03 [unfixad atoms) 



-1. B09400354O4?06E 04 -2 . 075373732 11315E-04 
2. 5 6880079450 4 4 2E-04 4 . 07888591 S17262E-05 
2. 24 24 3540544 528E 05 1 . 1Q425697382971E-04 
2 . 24118747243653E-04 -2 . 1 18556861 10 157E-Q S 
1 .25754349142964E 04 7 . 750 83852776827E-0 5 



2.04964454194065E-03 
-2.14973U3771572E-03 
-6.93565136915477E-04 
-9.48369575837913E 03 
1 .4376656574951OE-02 



Cartesian coordinates 
7. 3697367980569 ?6+00 
3.68518592924951E+00 
4.095878655O4349E-O5 

-1. 60397186908771E-04 
3.58505818234927E400 

Cartesian forces (hart 

-1.618 95617366627E-05 
7.34168075079671E-Q5 

-2.2427 5552232517E-05 
1.06415727261410E-04 

-1.41215417B09463E 04 



(bohr) 
3. 68483076B19461E+00 
7.36994754386404E+00 
1.24970918317013E-04 
7.3698996271Q79OE+00 
3. 684990111270O6E+00 
/bohr); max, rms- 8.346C 
3.0 92558830B7009E-06 
I ,12756648306686E-04 
-2.419560354534735^05 
-2 .44007083322998E-05 
-6.72528952599095E-05 



7,36794046249685E+00 

7.36783992425656E+00 

3.40077660921001E+00 

9.44B52984745766E-03 

3.98280195257629EiQO 

5E-03 2.4 5956f>D3 lunfixod atoms) 

1.19915767731153E-03 

1.1OO22284O67273E-03 

3.24637418523411E-03 

2.8OO29 696512406E-03 

8.34605186834244E-03 



Cartesian coordinates 
7.36967174041861E40Q 
3 . 68537949760620E+00 

-1. 167279385566Q1E-08 
1 . 28129761298314E-05 
3. 6B479743192721E+00 



(bohr) 
3.68479961773717E+00 
7 .37O181161833O4E+00 
9.62925456708003E-05 
7.369846B4725815E+00 
3.6848691019809OE+0O 



7.365165101522.24E I-Q0 
7.36524508710990E 100 
3.3941370S673712E*00 
1.67751205094258E 02 
4.0O213B29383241EIG0 



Cartesian forces (hart/bohr); max, rms- 7.206C2E-03 2.08967^-03 (unfixed atoms) 



1.288508O1532736E-O4 
-1. 58012861369054E-04 

7. 08585971568290E-05 
-1 .73598433456127E-04 

1.31901896135616E-04 



7 064126S30857O4E-05 
-1 .74164668147622E-04 
S. 67021085975686E-06 
8.43701157472647E-05 
1.34B30752320297E-05 



1.502954595B5843E 03 
-1 .4695650 5541997E 03 
-2 .28610955944484E-03 
-1. 9473935027 5452E-03 
7.20602271347777E-03 



cartesian coordinates 
7.3702131863414SE+00 
3. 68506437084086E+00 
3.39286295583846E-04 
-6.8 42 91357691068E-04 
3.684 92897913516E-+00 
cartesian forces (hart 
-1,541 4907748232 4E-04 
4.19884602629664E-04 
-2. 4 160846035706 1E-05 
-1 . 73065113649408E-04 
-6. B 50 95654 622 252E-05 



(bohr) 

3.6850592S267177E+00 
7.3697B023696826EtOO 
9.97498200251742E-05 
7.370216B8700809E+00 
3.68463688488677E+00 



7.346586O2343312E+00 
7.3473583904B84 3E+0Q 
3.35993819043655E+00 
-5. 4926415583858 5E-02 
4.11095422991800E+00 



/bohr); max,ri»s= 1.40552E-02 5.32522E-03 [unfixed atoms) 



1 . 38 672668831 043B-0 4 
1 .54548773067693E-04 
-2 . 57753838330758E-05 
-3.18303354074471E-05 
4 . 172961500387336-05 



2,4 467712 0516630E~03 
2.36496445003840E 03 

-5.07590096094921E-03 
1.40S52397966281E-03 

-1.37910744908836E 02 



bravaia matriK for conventional unit cell in Anystroms is; 
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0.00000 3.90000 o .ooooo 

0 .00000 0.00000 4 .20000 



rms force- 5-3252E-03 > tol«ranc« ftoler- 2.0O00E-Q3 hart/bohr (unfixed atoms) 
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M(i)=2qjri n =Sqlh n *Si n 
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(89) 



nm^-l 1 -1 76906 
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p 

Iff 
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ON 
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ON 
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hrit = 0,15fr 
X#tfiJ#J|g- lOnm 

vise. 0 - 2770 
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0.20 n 
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ON 
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ON 


3 




ON 


4 




ON 


5 
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0.00 0.20 OAQ 



grid, oxi - 4 

Init =: 0.002fr 
X^|5]JllW-0^nin 
Y#rSj*Jtg = OJmm 

vise. 0 = 2770(ltett) 
vise, e = -2.756 



(90) ftM 3 ? 1 1-1 76906 



[8109] mi 16] 




k(cm-') 



(9 1) 



ftm¥ 11-17 6 9 0 6 



[01111 



[01 2 5] 




[012 6] 



[01 1 2] 



-2.00E+09 
-1.66E+09 
-1.33B+09 
-1.00E+O9 
-6.66E+08 
3.33E+08 
-7.62E-06 
+3.33E+08 
+6.66E+08 
+1.00E+09 
+1J3E+09 
+1.66E+09 

m 
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ftffiW- 1 1-1 7 6 9 0 6 



II 13] 



[013 1] 



1 




-2.00E+09 
-1.66E+09 
-1.33E+09 
-1.00E+09 
-6.66E+08 
-3.33E+08 
-7.62E-06 
+3.33E+08 
+6.66E+08 
+1.00B+09 
+1.33E+09 
+ 1.66E+09 



11 13 y 




-2.00EM)9 
-1.6GEi«9 
-1.33E+09 
1.00E+09 
-6.66E+-08 
-3.33E5-08 
-7.63E-06 
+3.33E+08 
+6.G6E+08 
+1.00E+09 
+U3E+09 
+1.66E+09 
+2.00E+09 



(93) 



11-17 6 9 0 6 



[0115] 




-2.0OE+09 
-1.66E+09 
-1.33E+09 
-1.00E+09 
-6.66E+08 
-3.33E+08 
-7.62E-06 
+3.33E+08 
+6.66E+08 
+ 1.00E+O9 
+1.33EI-09 
+1.66EMJ9 




(94) 



ftBHT 1 1-1 7 6 9 0 6 



[012 2] 



a x(dyn/cm 2 ) 




[HI 27] 




(95) #W¥ 1 1-176906 



11283 




[0129] 
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